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Larval Development in Bufo woodhouses fowleri and Scaphiopus 
halbrooki holbrooki 


KENNETH L. GOSNER AND Irvinc H. BLack 


HE difficulty in identifying anuran larvae 

has restricted the use of such material in 
distributional and ecological investigations. 
Detailed analyses of variation in diagnostic 
characters have not been made for most species. 
Published descriptions are usually of mature 
tadpoles, and give little information on de- 
velopmental changes from hatching to trans- 
formation. A preliminary study of these prob- 
lems in Bufo w. fowleri and Scaphiopus h. 
holbrooki is here presented. The study is based 
on New Jersey material preserved in the 
Newark Museum. 

DISTRIBUTION AND BREEDING SEASONS.— 
Scaphiopus h. holbrooki occurs in more or less 
isolated colonies in the New Jersey Coastal 
Plain. Our collections contain specimens from 
Monmouth County (Eatontown); Ocean 
County (south of Hornerstown, Monmouth 
County); Cumberland County (SW of Belle- 

tin Forest, and Dorchester); Cape May 
-vunty (Bennett and Rio Grande); and Glou- 
cester County (Bluebell). 

Bufo w. fowleri is apparently common 
throughout the state, but is especially abundant 
on the Coastal Plain. Natural B, w. fowlert < B. 
t. americanus hybridization has been described 
in Bergen County populations by Blair (1947) 
and Volpe (1952). We have found apparently 
similar situations at Green Village, Morris 
County and at Swartswood Lake, Sussex 
County, and suggest that a zone of hybridiza- 
tion between these forms may extend across 
the northern part of New Jersey. We have 
heard “good” ¢. americanus choruses in Pas- 
saic, Morris, Sussex, and Warren counties, all 
north and west of the Fall Line. Except for 
small series from Morris and Warren counties, 
whose hybrid status might be questioned, our 
Bufo material is from Coastal Plain localities 
and is presumably typical w. fowleri. We have 
made no attempt, as yet, to separate larvae of 
the two toads in this area. 

Scaphiopus h. holbrooki usually breeds during 
periods of 2 to 3 days, its reproductive activi- 


ties being in large part rain-initiated. Com- 
parative absence of temperature control in the 
initiation of breeding activity results in an 
extended breeding season, beginning in New 
Jersey as early as the third week of March and 
extending into August. B. w. fowleri also has a 
protracted breeding season that is modified by 
rainfall, at least on the Coastal Plain. Activity 
in w. fowlert begins in mid-May in central New 
Jersey (Monmouth County) and continues 
into August. The reproductive activities of 
t. americanus do not appear to be protracted, 
as are those of w. fowleri, and are presumably 
temperature controlled. It breeds at the be- 
ginning of April, and good choruses appear to 
be maintained for only a short period. In central 
and southern New Jersey larvae of h. holbrooki 
and w. fowleri, in various stages of develop- 
ment, may be found or expected during the 
late spring and summer months. Newly hatched 
w. fowleri may be found concurrently with 
mature or transforming specimens. 

MateriAts.—The following larvae were 
examined: 228 Bufo w. fowleri, representing 15 
series from eight different localities (in Atlantic, 
Cape May, Monmouth, Warren, and Morris 
counties), and 260 Scaphiopus h. holbrooki, rep- 
resenting 14 series from five localities (in Mon- 
mouth, Ocean, Gloucester, and Cape May 
counties). These represent various stages of 
development from hatching to transformation. 
Preliminary comparisons have been made with 
local ranid and hylid species to check the 
validity of family characters. This material 
includes field collections, as well as dévelop- 
mental series reared from eggs laid by frogs 
taken in amplexus, or mated in the laboratory. 

Larger larvae were measured with a pair of 
fine-pointed dividers, and the early stages with 
a low power microscope, fitted with an eyepiece 
micrometer disc. 

Staging of embryos and larvae in meta- 
morphosis is figured for Rana pipiens in Rugh 
(1951), and in this paper we follow this pro- 
cedure in designating embryonic stages by 
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Arabic and larval stages by Roman numerals. 
Although not strictly comparable, they provide 
a useful approximation to staging in Bufo and 
Scaphiopus. Stebbens (1951) figured the struc- 
tural characteristics of larvae with the 
terminology used in their description. 

Driacnostic CHARACTERS FOR EARLY 
LarvaE.—lIn the early hatchlings (embryonic 
stages 20-25) relative size, pigmentation, 
and form of adhesive organs provide a re- 
liable means of differentiating between Bufo w. 
fowleri and Scaphiopus h. holbrooki and equiva- 
lent stages in other families. 

Color differences used for diagnostic purposes 
are not reliable if based on soluble pigments 
and structural colors (iridescence), since these 
characters disappear within a short time after 
preservation. The relatively insoluble melanin 
pigments are much more stable. 

Bufo w. fowleri hatchlings may be distin- 
guished from those of local Scaphiopus and Rani- 
dae on the basis of size. At Stage 20 the toadsare 
approximately 4.22 mm. in total length, while 
Scaphiopus hatchlings are about 5.73 mm. and 
those of the local ranids range from about 
6 mm. to 7 mm. In all three groups the early 
larvae are very darkly pigmented, except for 
Rana palustris, which are creamy white to a 
pale chocolate brown. Like R. palustris, the 
local hylid hatchlings are sharply differentiated 
from the toads and ranids by their pale colora- 
tion. Local hylids vary in size at Stage 20 from 
about 4.21 mm. in Hyla crucifer to about 5 mm. 
in H. versicolor. The operculum is closed (Stage 
25) in w. fowleri by the time the larva 
reaches about 6 mm. (the Stage 20 size for 
ranids). 4H. crucifer is more or less equivalent 
to Fowler’s toad in hatchling size, but at 
Stage 25 the larva is considerably larger, being 
about 7.75 mm. long. The ranids, examined at 
Stage 25, ranged from about 7.70 mm. in R. 
clamitans to 12 mm. or more in R. sylvatica. 

Scaphiopus h. holbrooki hatchlings may be 
immediately recognized by the form of the 
adhesive organ. It is a strong V-shaped struc- 
ture at Stage 20 (Fig. 1). The adhesive organ 
of w. fowleri is broadly U-shaped at Stage 20 
but by Stage 23 the central, deeper portion 
has deteriorated, leaving two small suckers 
lateral to and somewhat behind the oral disc. 
The presumably more primitive, crescent- 
shaped form of the adhesive organ (Noble and 
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Fig. 1. Very early larvae of Scaphiopus h. hol- 
brookt (upper left: Stage 20, 5.73 mm.; lower left: 
Stage 23, 7.75 mm.) and Bufo w. fowleri (upper 
right: Stage 20, 4.22 mm.; lower right: Stage 23, 
5.19 mm.). 


Noble, 1923) occurs in the late embryonic 
stages of some local hylid larvae, but the 
suckers in these are bifid at hatching. B. w. 
fowleri appears to preserve the primitive condi- 
tion to a somewhat later stage than the hylids 
do. In local ranids the suckers are also bifid at 
hatching. S. h. holbrooki retains the crescent- 
shaped form throughout its early larval stages. 
A sucker scar persists for a considerable period 
as a V- or Y-shaped concentration of dark pig- 
ment on the otherwise sparsely pigmented 
ventral surface. In a few individuals it may still 
be detected when the total length is 18 or 
19 mm. The equivalent scars deteriorate very 
rapidly in w. fowleri. In most of our materials 
they could not be detected in larvae longer than 
8 to 9 mm. 

DIAGNOSTIC CHARACTERS FOR LATER LAR- 
vAE.—In later larvae from the completion of 
the operculum to transformation, relative size 
(correlated with staging), oral disc structure, 
and labial tooth formulae, together with de- 
tails of pigmentation, are useful for identifica- 
tion purposes. Coincident with the closing of 
the operculum the oral disc assumes its char- 
acteristic form. 
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Apparently reliable characters for family 
determination concern the extent of the papil- 
lary border (Wright, in key, 1949). In hk. hol- 
brooki the papillae completely encircle the oral 
disc with the usual exception of a very short 
space above the abbreviated top row of labial 
teeth. The disc is not emarginate (indented). 
In local ranids and hylids the papillary border 
extends across the lower margin (with the 
exception of a short gap below the third, lower, 
labial tooth-row in most H. crucifer) but 
there is a wide space, free of papillae, across the 
upper labium. The disc is emarginate in ranids; 
not emarginate in hylids. In w. fowleri the 
papillae are present laterally, but there are 
wide spaces without papillae on both the upper 
and lower labia. The disc is emarginate. These 
characters are clearly defined in toad larvae 
measuring 6 mm. and longer. 

At this time, also, the labial teeth appear 
well formed, darkly pigmented, and represent 
the mature formula, 2/3. In the entire series 
of w. fowleri examined, we found no departure 
from this formula except occasionally in muti- 
lated individuals. Pigmented labial teeth do 
not appear in specimens of /. holbrooki smaller 
than 9.5 mm. At this size three lower rows are 
slightly pigmented, and the presence of three 
upper rows is indicated by a series of pro- 
nounced ridges lacking pigmented teeth 
(Fig. 2). Development of tooth rows in h. hol- 
brooki is gradual and is subject to individual 
variation. Increase in total length may, how- 
ever, be correlated with an increase in the 
number of tooth rows. Wright (op. cit.) figured 
the mature mouth parts of 4. holbrooki and 
w. fowleri. 

DETAILS OF CoLoraTIon.—In life the tad- 
poles of h. holbrooki are dark brown, finely 
suffused with a golden iridescence, which 
forms a prominent longitudinal stripe on the 
dorsal ridge of the tail musculature. The tad- 
pole remains more or less transparent ventrally 
throughout the larval period. B. w. fowleri larvae 
are sooty black in life. The tail musculature is 
sharply bicolor, with about 60 to 80 percent 
of the dorso-lateral surface evenly colored with 
black. The remaining ventral border is usually 
inimaculate. The tail musculature of h. hol- 
brooki is indistinctly bicolored, downward suffu- 
sions of pigment giving the ventro-lateral 
surface a dirty appearance. 

SIzE AND STAGING oF LaRVAE.—Variations 


labial Tooth rows 
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Total length 
Fig. 2. Relationship of labial tooth rows (upper) 
and larval stages (lower) to total length (in mm.). 
pe wT Bufo w. fowlert; broken line, Scaphiopus h. 
ooki. 


from the indicated curve for w. fowleri suggest 
the possibility of seasonal differences in total 
length attained, but may represent merely 
individual or local variations. There is a great 
deal of variation in h. holbrooki in size-staging 
relationships, and the curve given is approxi- 
mate (Fig. 2). Wright (op. cit.) gave 27 mm. 
for w. fowlert and 28 mm. for h. holbrooki at 
full growth. Our w. fowleri at full growth (lar- 
val Stage XIX) range from 21.6 mm. to 30.2 
mm. with an average of about 26 mm. Our 
maximum length for h. holbrooki is 46.5 mm. 
Our smallest Stage-XIX specimen is 24.1 mm. 
The mature larva of h. holbrooki has a broadly 
rounded form in dorsal aspect; the eyes are 
very small, and the spiracle is located well 
below the lateral body axis. B. w. fowleri has the 
spiracle located on the lateral body axis; its 
eyes are proportionately larger, and the greatest 
body width is at a point farther back (Fig. 3). 

During 1952, an unusual situation developed 
in the colony at Eatontown. A series of 54 lar- 
vae collected on May 12 averaged 37.2 mm. 
total length (mode 44 mm.), and one of 117 
specimens collected on May 6 averaged 39.6 
mm. (mode 42 mm.). These were field collec- 
tions, but a similar situation developed in one 
of our 1952 laboratory groups. Trowbridge 
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\ Fig. 3. Mature larvae of Bufo w. fowleri (left) 
and Scaphiopus h. holbrooki (right), dorsal aspect. 
In Scaphiopus the spiracle (dashed outline) is not 
visible from above. 


and Trowbridge (1937) mentioned larvae of 
S. bombifrons that reached two or three times 
average size. Their specimens were apparently 
abnormal and suffered high mortality. The 
authors suggested that this excessive growth 
may have resulted from the absence of plant 
food in the early stages of development of a 
laboratory-reared group. We reared a number 
of h. holbrooki broods during 1951 and 1952 
on a strict meat diet. No plant food was pro- 
vided, apart from whatever microscopic vege- 
tation may have been attached to field-col- 
lected egg masses. The frequency of runts, 
other abnormalities, or general mortality did 
not appear unusually high, and a large propor- 
tion of our materials passed throvgh trans- 
formation successfully. Except for the single 
outsized group, our broods reached full growth 
at 28 to 30 mm. We have no explanation for 
the excessive growth in the unusual 1952 
broods. 

TRANSFORMATION.—Shortly before the pro- 
trusion of the front limbs, other changes asso- 
ciated with transformation begin to appear. 
These affect the shape, coloration, mouth parts, 
and proportions of the larvae. The diagnostic 
characters of the oral disc remain fairly well 
defined until after the front legs appear, when 
a shrinkage of the tail, together with other 
pronounced changes, proceeds very rapidly. 
In w. fowleri the skin becomes quite warty and 
color changes produce a simplified pattern 
resembling that of the adult. Skin texture in 
h. holbrooki also changes, and when the young 
leave the water the pattern is essentially that 
of the adult, with the dorso-lateral golden 
stripes distinctly formed. The metatarsal 
tubercles (metacarpal in w. fowleri) are well 
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developed; they are pigmented in w. fowleri 
but unpigmented in h. holbrooki. In general 
appearance the newly transformed young are 
miniature replicas of the adults, and conse- 
quently may be readily identified. Transforma- 
tion sizes given by Wright (op. cit.) are: w. 
fowleri, 7.5 to 11.5 mm., apd h. holbrooki, 
8.5 to 12 mm. 

Summary.—The following key is a résumé 
of the characters used to identify S. 4. holbrooki, 
B.w. fowleri, and other larvae of the New Jersey 
area. 


I. At Hatching 
A. Size small, about 4.2 to 5 mm. 

Dark, with a U-shaped adhesive — in 
Stage 20, bifid at Stage 23 and later 

Very pale with bifid adhesive organs at Stage 

ery pale with bifid adhesive organs at e 

Very dark 

With V-shaped adhesive organ in Stage 20 
through Stage 25. .Scaphiopus h. holbrooki. 
With adhesive organs bifid in Stages 20 

II. After Stage 25 
A. Papillary border completely encircling oral 
disc, except for a very short gap (without 
agg on upper labium; not emarginate. 
- or Y-shaped adhesive organ scar — 

to about 15 mm. total length; labial teeth 4/ 

to 5/5 at 15 mm. total length, usually 5/5 to 

6/6 at 20 mm. or larger; eyes very small; 

spiracle well below the lateral body axis 

Scaphiopus h. holbrooki. 
B. ay border with a broad gap (without 
he ae) on both the upper and lower labia 
rder emarginate; tadpole very dark; tail 
musculature sharply bicolor; spiracle on lateral 
body axis; labial teeth 2/3... Bufo w. fowleri. 


C. Papillary border with a b on the 

- labium only (in some H. crucifer a very 
ort gap on lower labium also) 

Papillary border emarginate....... Ranidae. 


Papillary border not emarginate. .. Hylidae. 
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Variations in the Rows of Labial Teeth in Tadpoles 


JAcK BRESLER AND ARTHUR N. BracG 


HILE the utilization for taxonomic pur- 

poses of the larval mouth-part char- 
acteristics of salientian tadpoles has been long 
recognized, the seemingly unlimited structural 
variations encountered in labial papillae, man- 
dibles, labial teeth, etc., often present a con- 
fusing picture. Quantitative studies of any one 
of the labial characteristics can materially 
contribute to the alleviation of many uncer- 
tainties in identification of varous species. 
This study is concerned exclusively with one 
such characteristic, the number of rows of 
tadpole labial teeth in five salientian species, 
from individuals collected in Oklahoma. 

Bragg’s names of species and subspecies, 
and definitions of mouth parts (1950), are used 
throughout this paper. 

The definitive morphological characteristics 
which make up a row of teeth are not clearly 
delimited in the literature. Accordingly, a row 
of teeth was taken to mean a series of at least 
three distinctly pigmented epithelial tubercles 
on either side of a labium (Fig. 1). Little diffi- 


see 


eee bad 


Fig. 1. Diagrammatic composites of tadpole 
mouthparts demonstrating various labial formulae. 
A, 2/3; B, 2/3; C, 3/4; D, 2/2. 


culty was encountered with the use of this 
criterion. For this study, 10,464 rows of labial 
teeth, as defined, were examined. 

Any tadpole collection with less than 10 
specimens was rejected as not being sufficiently 


TABLE 
NuMBER OF TADPOLES COLLECTED IN VARIOUS 
CouNTIES OF OKLAHOMA 
Counties arranged in east-west order 


«2 | | | 
23 | ss $ | 38 | 3s 
Species 5 
| #2 | 3 | 
Number: 369 303 300 300 
Collections: 9 10 10 8 9 
Years: 1938-49 | 1939-46 | 1947-49 | 1945-46 | 1940-49 
Counties 
Delaware 15 Ke 
Adair 47 
Sequoyah = 30 oe 
Cherokee 130 50 Be 
Craig 11 
Haskell 25 
Pushmataha 13 
Nowata 153 ee 
Muskogee 36 39 
Hughes 27 4 
Cleveland 55 83 44 | 300 
McClain 12 arg 
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TABLE II 


LABIAL FORMULA PERCENTAGES IN TADPOLES OF FIVE SPECIES 


Number Number of lower labial rows 
Species and number of specimens of upper 
labial rows 1 2 3 4 5 6 7 
Rana berlandieri 1 0:3 
(369) Z 0.8 75.1 1.9 r 
3 21.4 0.5 
Bufo t. americanus 1 ne 0.3 
(303) 99.0 
3 0.3 
Pseudacris nigrita 1 0.5 
triseriata 2 4.8 93.3 
(208) 3 0.9 
Scaphiopus hurteri 4 9.7 
(300) 5 0.7 33.3 42.3 Les 
6 8.3 aco 
7 O53 
Scaphiopus bombifrons 2 0.3 1.0 2-3 
(300) 3 Ss 18.7 0.3 0.7 
4 ie 4.7 42.6 6.7 0.3 
i 0.3 0.3 9.0 3.0 0.3 
6 28 1:0 0.7 


representative of a station. Admittedly, this 
may have resulted in the removal of some 
legitimate variations from consideration. Cer- 
tain collections contained hundreds of 
specimens. From each of these collections 
approximately 50 specimens were taken at ran- 
dom for examination. 

Approximately one percent of the tadpoles 
examined had very irregular rows of teeth 
which could not be judged accurately. These 
animals were eliminated from further study. 

A tadpole acquires rows of teeth during its 
period of early development and loses them 
during the period of metamorphosis. In these 
two periods the labial formula changes rapidly 
and is of little use for purposes of classification. 
In order to be certain that tadpoles were being 
examined while they were in the mid-period of 
development, the best period in which labial 
teeth can be used to advantage for classifica- 
tion, another criterion was followed. It was 
found that tadpoles of a certain minimum 
length have a complement of teeth character- 
istic of the species involved. This relationship 
was established for the following forms: Rana 


berlandieri, 20 mm.; Scaphiopus hurteri and 
Scaphiopus bombifrons, 17 mm.; Pseudacris n. 
triseriata, 15 mm.; Bufo t. americanus (the 
dwarf form), 12 mm. Any tadpole with a 
total length less than its specified minimum 
length was rejected. 

Since there were insufticient collections avail- 
able to determine whether or not any relation- 
ship existed between the labial formulae and 
the date of collection, all the animals for a 
particular species were grouped together 
(Table I). 

Generally, the length of a vertebrate is re- 
lated to its overall development. In Scaphiopus 
hurteri and Scaphiopus bombifrons a definite 
tendency for the rows of teeth to be more 
numerous in longer animals was noted. Rana 
berlandieri, in this study, showed a very slight 
increase in the number of labial rows with 
development of the tadpoles. Bufo t. ameri- 
canus and Pseudacris n. triseriata showed no in- 
crease in the number of rows with development 
(or length). Therefore, there appears to be no 
generalization which can be made regarding 
the increase of tooth rows during the tadpole 
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period. However, on the basis of the 1,480 
specimens used in this study and other exami- 
nations (unpublished data), it appears that 
various members of a genus exhibit similar 
tendencies to increase or not to increase the 
number of rows with ontogeny. 

This quantitative study generally substan- 
tiates the statements found in the literature 
concerning typical labial formulae and shows 
variations among species in the percentages of 
specimens in which these formulae occur 
(Table IT). 

The authors are indebted to the Museum of 
the University of Oklahoma and to the Okla- 


homa Biological Survey for permission to ex- 
amine many specimens. Gratitude is expressed 
to Dr. S. Charles Kendeigh, University of Illi- 
nois, for a critical reading of the manuscript 
and for helpful suggestions. 
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Observations on the Life History of the Salamander 
Necturus louisianensis 


FreD R. CAGLE 


OLLECTING series of Necturus essential 

to the clarification of the status of the 

central Louisiana populations has resulted in 

the accumulation of some information on the 
life history of N. louisianensis. 

Tulane field crews collected 72 adults and 
larvae during six trips to the type locality of 
Necturus louisianensis (Big Creek, east of Pol- 
lock, Louisiana); 41 of these were taken on a 
single trip. Although various collecting devices 
were used (baited nets, dip nets, seines, hand 
lines, set lines, trot lines), only set lines pro- 
duced satisfactory catches of adults; larvae 
were obtained only by intensive work with dip 
nets and seines. Attempts to collect adults 
during June, July and August were unsuccess- 
ful, but adults were easily obtained during 
January and February. Larvae were taken 
during each of the six trips. 

Big Creek varies much in width and depth. 
In some sections it is less than 15 feet in width 
and in others it may be as wide as 60 feet. 
At Fishville, where most of the specimens were 
taken, the creek at normal water levels may 
have a maximum depth of 3 feet. Deeper areas 
along the stream have a depth of 20 feet or 
more. One such area near Fishville has been 
converted into a local swimming pool which 
furnishes a most suitable habitat for Necturus. 


The results of set-line operation suggested 
that there was a diel cycle of activity and a 
tendency for the animals to concentrate in the 
deeper holes near the roots of trees or at the 
mouths of inlets. Systematic operation of lines 
on January 23, 24 and 25, 1951 provided data 
useful in the determination of the diel cycle. 
Forty-five single-hook hand lines were operated, 
from 38 hours and 17 minutes to 38 hours and 
52 minutes each, from the afternoon of Febru- 
ary 23 to the afternoon of February 25. These 
lines were examined at approximately 30-min- 
ute intervals during the entire period. Each 
hook was baited at every examination and a 
notation made of the results (animals caught or 
bait removed). A record was thus available 
for the yield from each line. Hooks were not 
set in suspected ideal niches for Necturus but 
were distributed along the banks of the pool 
and the creek for a distance of approximately 
one-quarter mile. 

On February 23, hooks were operated for 
5 hours and 55 minutes to 8 hours, a mean of 
7 hours. On February 24, each hook was oper- 
ated for a 24-hour period. On February 25, 
each hook was operated for a period of from 
8 hours and 17 minutes to 9 hours and 1 minute, 
a mean of 8 hours and 45 minutes. Twenty-one 
individuals were taken on February 23, 15 on 
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February 24, and 3 on February 25. Hooks 
were left in the same location each day. Of the 
45 hooks, 16 caught only one animal each, 
5 caught two each, 2 caught three each, but 1 
caught eight; the other 17 captured none. 

The fact that one set caught eight individuals 
suggests that this particular line was operating 
in an exceptionally favorable section. On the 
first day of operation this hook took its first 
animal, a female, at 3:16 in the afternoon. 
At 3:24 a male was captured. At 2:36 the next 
morning a female was taken, and a male at 
6:46. Four additional specimens were taken 
on this same hook on February 24, but none 
was taken on February 25. The line was set 
with the hook on the bottom in about 3 feet of 
water. Possibly the explanation of the effi- 
ciency of this hook lies in the fact that the bait 
was immediately adjacent to an irregular pile 
of stones. There was, however, similar cover 
adjacent to other hooks that did not yield 
returns. ; 

Only two other hooks caught more than one 
animal on the same day; hooks Nos. 11 and 
42 each caught two. In contrast, 6 hooks caught 
more than one animal on successive days. Set 
No. 44 caught three animals, one on each day. 
No hook took a specimen on February 23, 
failed on the 24th, and functioned on the 25th. 
If it took a specimen on the 23rd, it took none 
thereafter, or captured one on the 24th and 
also functioned on the 25th. 

The fact that no hook skipped a day captur- 
ing a specimen suggests that the hooks oper- 
ated efficiently in removing any animals close 
enough to react to the bait, and that there was 
very little wandering of individuals up and 
down the banks. This absence of random move- 
ment or wandering is also suggested by the fact 
that so few hooks took specimens, and by 
earlier trot line sets in which only those hooks 
along the bank and those in apparently favor- 
able niches produced results. Too, the failure 
of collectors to observe animals wandering 
about in the small tributary streams at night 
reinforces the view that these animals do not 
wander extensively in this locality. 

During the period from 1 am to 8 Am, nine 
animals (six males and three females) were 
taken; from 8 am to 4 pM, only one male was 
taken; from 4 pm to midnight, 29 animals 
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(13 males and 16 females) were taken. If these 
records are separated in terms of periods of 
darkness and light, 12 animals were taken 
during daylight hours and 27 during hours of 
darkness. It could not be determined positively 
whether four of these were captured during 
hours of lightness or darkness. These data 
suggest that the greater part of the activity 
occurs during darkness. 

Hand lines operated in other localities have 
produced best results during hours of darkness. 
The interpretation of this correlation is ques- 
tionable, however, as many of the lines were 
set in muddied water where there was probably 
little change in light intensity between the 
hours of light and the hours of darkness. 

During the period of hook operation, workers 
seined and dip netted intensively in attempts to 
collect larvae. The most productive dip netting 
was done in shallow holes on the bottom where 
leaves and twigs, accumulated to a depth of 
several inches, provided shelter for the young 
larvae. Another technique was also successful. 
While two workers held a seine across the cur- 
rent, others stirred through the upstream bot- 
tom debris trying to dislocate animals so that 
they might be carried downstream into the 
seine. This method yielded two larvae during 
several hours of operation. Although no adults 
were taken from bottom material, one was 
taken from well consolidated debris forming a 
bank along one edge of the stream. This animal 
had apparently burrowed far up into the bank 
and was captured when the loosened debris 
was carried into the seine. 

Local residents who were acquainted with 
these animals insisted that they occurred only 
in deep water, were rarely caught during the 
daytime, and that hooks placed out over night 
during January, February and March usually 
caught either eels or “waterdevils.” 

The results of trot-line operation on January 
14 and 15, 1950 provided supplementary in- 
formation on habitat preference. Big Creek 
was near flood stage, the water being within 
4 feet of the bank top. The water was muddy 
except in the small tributary streams. 

On the first night attempts were made to 
set lines in a variety of situations. Fifty hooks 
baited with liver were set 20 inches below the 
surface in water 6 feet deep near the bank but 
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not in the direct current. No animals were 
taken and all the bait was intact the next 
morning. A line of 100 hooks was stretched 
along the bank with 10 of the hooks on the 
bottom in static, shallow water and the re- 
mainder in current. One individual was caught 
by a hook on the bottom, and all bottom hooks 
lost their bait. All hooks set over current had 
the bait intact the next morning. 

Fifty hooks were set in a swirling current in 
water estimated to be more than 8 feet in 
depth. The center secticn of this line was 
weighted to the bottom in anticipation that 
animals wandering about on the bottom of the 
pool would be attracted to this bait. All of the 
hooks of the center section were cleared of bait 
when examined the next morning but no ani- 
mals were taken. The hooks not on the bottom 
had the bait intact. Hooks set along the bank 
on hand lines with the bait not on the bottom 
also yielded no results. 

All of the hooks were moved on the night of 
January 15 to other sites. One set of 50 hooks 
baited with crawfish and liver was placed in 
clear water 1 to 3 feet in depth near the mouth 
of a tributary. Two large adults were removed 
from liver-baited hooks the next morning. The 
water here was almost static. 

Twenty-eight hand lines with two hooks 
each were set in selected areas the same night 
around edges of pools, bases of trees, and at 
the mouths of rivulets flowing into the main 
creek. In early evening, before 8 o’clock, one 
animal was caught at the base of a tree near the 
entrance of a small inlet. Early in the morning 
two additional ones were taken within 6 feet 
of this site. 

The results of set- and trot-line operation 
indicate that these animals inhabit shallow or 
deep standing waters where they may find 
some measure of cover (roots of trees, piles of 
rocks, submerged logs, cavities within the 
bank), and that such shelters may harbor a 
number of individuals. It is also suggested 
that these animals do not ordinarily wander 
far from points of shelter, and that most of 
their activity is during the hours of darkness. 
Although these data indicate that the animals 
feed consistently on the bottom, hook-and-line 
fishermen report that some were caught on 
shallow-set hooks. 


Of 76 individuals deposited in the Tulane 
Collections, 29 are juveniles, 23 are females, 
and 24 are males. The term “juvenile” is used 
here tentatively to indicate the animals still 
retaining attributes of young larvae and not 
having attained the size of sexual maturity. 
The 29 larvae ranged in size from 3.43 cm. to 
6.15 cm. (snout-vent length). The males 
ranged from 11.5 cm. to 18.0 cm. and only one 
of them (the smallest individual) was not 
sexually active. The females ranged from 11.8 
cm. (smallest individual taken on a hook) to 
16.4 cm. Four of these (13.3-15.2 cm.) were 
either sexually immature or were not repro- 
ductively active, as they had no ova larger 
than 1 mm. Other individuals had ova 4 mm. 
to 5 mm. in diameter—ova that were appar- 
ently ready for ovulation. 

Attempts made to obtain individuals in the 
size range of 7 cm. to 11 cm. were unsuccessful, 
as they could not be obtained by trot lining, 
seining or dip netting. The absence of this size 
group may be a reflection of the time of col- 
lecting (June, January and February by the 
Tulane crews). A collection made July 20, 1937, 
included larvae ranging in size from 3.70 cm. 
to 4.25 cm. Another made June 14, 1950, 
contained larvae ranging from 3.76 cm. to 
5.0 cm. Six larvae collected by Mr. Percy 
Viosca, September 6 to 8, 1938, from Big Creek 
ranged from 1.93 cm. to 4.33 cm. The smallest 
individual was apparently just hatched. Of the 
females with large ova (4-5 mm. in diameter), 
collected in January and February, none had 
ovulated. Oviposition may occur in May or 
June, and the small larvae may appear during 
July and August. 

The sexually mature males collected during 
January and February had the cloacal glands 
much enlarged. This condition suggests that 
courtship may have been occurring. Courtship 
in Necturus maculosus occurs some months 
prior to egg deposition. It has been pointed out 
by Bishop (1941) that the swollen and inflamed 
condition in males is maintained for several 
months. It is thus not possible to determine the 
time of egg laying by the condition of the 
males. None of the females had spermatophores 
in the cloaca. 

Most of the stomachs of the adults contained 
only fragments of bait. The habit of the animal 
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of striking and engulfing its food rapidly was 
clearly indicated by the presence of hooks 
embedded in the stomach walls. The five ani- 
mals containing food other than bait had frag- 
ments of crawfish, dragonfly larvae, and one 
fish (Notropis sp.). 
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Variation and Predator Pressure in an Island and a 
Mainland Population of Lizards 


A. STANLEY RAND 


N the course of routine work on the Honduras 
reptile collections in the Chicago Natural 
History Museum, certain differences between 
the specimens of Cnemidophorus lemniscatus 
from Ruatan, Bay Islands and those from the 
mainland became apparent. 

Barbour (1928) described Cnemidophorus 
lemniscatus ruatanus on the basis of a single 
specimen from Ruatan. He distinguished it 
from C. 1. lemniscatus of the mainland of Cen- 
tral America because it had a single scale 
between the outer parietal and the enlarged 
postorbital instead of two or more. Charles 
Burt in his revision of the genus (1931) syn- 
onymized ruatanus with C. I. lemniscatus 
because this character could be duplicated in 
specimens from the mainland. 

A series of 47 Cnemidophorus lemniscatus 
collected on Ruatan by D. D. Davis and 13 
specimens from the mainland of Honduras 
have made it possible to evaluate the taxonomic 
status of C. 1. ruatanus. In addition the greater 
variability of the island form was found to be 
correlated with natural selection. 

In studying these lizards use was made of 
seven head scale characters (Table I), femoral 
pores, head-body and total length, ventral 
coloration, and dorsal pattern. The head-body 
length was measured from the tip of the snout 
to the anterior margin of the vent; the total 
length from the tip of the snout to the tip of 
the complete tail. The pattern was recorded as 
the number of stripes at midbody. 

The number of femoral pores in the Ruatan 
lizards may be a little greater than in the main- 
land ones. The Ruatan males have 18-24 
(21.4) and the females 19-22 (20.7); the main- 


land males have 19-23 (21.2) the females 
20-22 (20.4). 

The head-body length of the two popula- 
tions is similar. The maximum size in the main- 
land males is 81 mm., females 71 mm.; in the 
island series males 83 mm., females 64 mm. 
There is also little difference in the ratio of 
head-body length to tail length. 

The basic dorsal pattern in these lizards is a 
mid-dorsal light stripe of varying width and 
four narrow light lines on each side between it 
and the venter. As the animals increase in 
size this pattern changes. In the males spots 
replace the lateral lines and also appear in the 
spaces between them. In the females the lines 
become obscure and disappear, but are not 
replaced by spots. There is a difference between 
the mainland and the Ruatan populations in 
that the basic pattern is retained to a larger 
size on the island (Table II). 

Ventral coloration is slightly different in 
these two populations, the mainland series 
having a somewhat more blue venter than the 
island specimens. 

These data show that the mainland and 
island populations are different. Though the 
differences in scutellation are slight and the 
differences in ventral coloration may be at 
least partly due to preservation, retention of 
the dorsal pattern to a larger size in the island 
lizards, in combination with the other char- 
acters, seems to be worth emphasizing by 
retaining the name ruatanus. 

It is known that in certain snakes and one 
lizard that the range of variation in the juve- 
niles is greater than that in the adults. Appar- 
ently natural selection eliminates the more 
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TABLE [ 


VARIATION IN Heap SCALES IN ISLAND AND 
MAINLAND LIzARDS 


TaBLeE II 
Basic PATTERN RETENTION IN MAINLAND 
AND Is~AND LIzARDS 


anid Scale counts Size Lines at midbody 
locality locality (mm.) 
1-1 | 1-2] 2-2| 2-3 | 3-3 | 3-4 | 4-4] 4-5 0 
Chinshields Males 
Ruatan Op Ruatan 61-83 | 0 2 0 
Females 
Loreals Ruatan 60-71 | 0 0 2; 
Ruatan 40) 6} 1) .. Mainland | 60-64 0 2 | 0 
Mainland 
Supraocular TABLE III 
granules VARIABILITY IN HEAD SCALES AMONG 47 
Ruatan SE IsLAND AND 13 MAINLAND LIZARDS 
Anterior Locality 
suboculars o| 1 2|3|4|s 6 
Mainland 12; 1] Oo... Ruatan 3/11; 8| 4] 2 
Mainland 4; 2)3 
Anterior 
supraoculars 
Ruatan 14] O| .. of the head were not always the same, the 
Mainland 0} Oj} 11) 1) 1).. seven characters were counted on each side, 
giving a possible variation of 14. Thus an ani- 
Character and Scale counts mal all of whose characters were modal was 
locality es tabulated as 0; one in which six characters 
—/|——|——_ differed from the modes was tabulated as 6, 
Sublabials the highest degree of variability noted. The 
Ruatan 2/ 2} 5| 36} 1 Ruatan lizards were found to be more variable 
Mainland 0; 0; 0; 9; 0 than those from the mainland (Table III). 
Seiistabias That this phenomenon is not due to a greatly 
—e disproportionate number of juveniles is indi- 
; cated by the fact that five of 47 from Ruatan 
and one of 13 from the mainland were less 


aberrant young (Dunn 1915, 1942; Inger, 
1943; Mertens, 1947; and Hecht, 1952). In 
both the work of Inger and of Hecht an adap- 
tive structure, the number of ventrals in a 
snake and of toe laminae in a gecko, were in- 
volved. In Dunn’s work on head scales in 
snakes no evident adaptive factors were in- 
volved. 

In the present material there is much vari- 
ability in the head scales. Modes for the various 
characters were determined and each individual 
was examined to ascertain the number of 
characters in which it differed from these 
modes, As the numbers of scales on both sides 


than 50 mm. in head-body length. 

No adaptive factors are evident in this 
variation in head scales. However the speci- 
mens examined yield one further set of data: 
an indication of predator pressure in the fre- 
quency with which regenerated tails are 
present. 

These lizards lose their tails easily when 
seized. The residual stump then begins to 
regenerate a new tail, but one less perfect in 
scutellation and easily recognized. If the ratio 
between the lizards escaping capture and those 
being killed is roughly constant, populations 
subjected to differential predation pressures 
would be expected to contain different propor- 
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tions of animals with damaged tails. Since the 
ratio of regenerated tails in the island specimens 
as compared to those from the mainland is 1:8, 
it appears that predation on the mainland is 
about eight times as great as on the island. 
Presumably on the mainland where the pressure 
is high the aberrant individuals are weeded out 
and the population is relatively uniform. But on 
the island where predation pressure is lower 
the population as a whole is more variable. 

It is improbable that these apparently 
insignificant variations in head scales should 
affect the lizards’ ability to escape capture. 
Dunn has suggested that varietal characters of 
this type must be correlated with others that 
are directly concerned with survival. 

That the absence of predators on islands 
allows forms to develop and survive that would 
not do so on the mainland has been postulated 
as an island effect. This is one of the few cases 
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in which evidence of predator pressure and 
variability can be so well correlated. 
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A Horned Toad, Phrynosoma cornutum, from the Upper Pliocene 
of Kansas 


Tuomas M. OELRICH 


LTHOUGH the Rexroad fauna (Hibbard, 
1950) is the best known vertebrate fauna 
of Pliocene age in North America, the reptiles 
are extremely scarce. Two species of turtles 
represented by Gopherus riggsi (Hibbard) 
1944, and Testudo rexroadensis Oelrich (1952), 
one species of snake Heterodon plionasicus 
Peters (1953), and five species of lizards, 
Cnemidophorus bilobatus, Eumeces striatulatus, 
Eumecoides hibbardi and Eumecoides mylecoelus 
all described by Taylor (1941) and Sceloporus 
robustus Twente (1953), complete the list. The 
occurrence of Phrynosoma has long been ex- 
pected. Due to the disarticulated condition of 
the material, species identification is limited to 
maxillae and dentaries with the notable, excep- 
tion of the parietal of a horned toad. 

I would like to express appreciation to Dr. 
Claude W. Hibbard, Museum of Paleontology, 
University of Michigan, for making this speci- 
men available to me, and to Dr. E. H. Taylor, 
University of Kansas Museum of Natural 
History, for the loan of recent skeletal material. 


In the summer of 1952 the field party of the 
University of Michigan Museum of Paleon- 
tology under the direction of Claude W. Hib- 
bard recovered from the type locality of the 
Rexroad formation, and Rexroad fauna, Local- 
ity No. 3, W314 SW}4 Sec. 22, T/33S, R/29W, 
Meade County, Kansas, a single parietal, 
Museum of Paleontology, University of Michi- 
gan No. 30191, of a horned toad. The specimen 
is very well preserved; however, it possesses 
only a single horn. The loss of the horn does 
not appear to be due to erosion or breakage. 
Comparison of this specimen with Recent 
species of North America indicates that it 
belongs to the Phrynosoma cornutum group 
(Plate I). 

The parietal is 10 mm. wide and 5 mm. long 
(greatest length). Comparison with parietals 
of medium sized P. cornutum shows only one 
distinguishing character: along the posterior 
border of the parietal are two well developed 
recesses which receive the insertion of the 
spinalis dorsi muscle. In Recent forms of 
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Dorsal and posterior views of parietal bone of Phrynosoma cornulum from the Rexroad Formation 
of Kansas 
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P. cornutum excavation of this extent was not 
seen; however, in Phrynosoma modestum a 
similar excavation is present. This is probably 
an individual character. 

Only one other fossil record of Phrynosoma 
is known. This is from Conard fissure, Arkan- 
sas, and is of late Pleistocene age (Gilmore, 
1928). The Conard fissure specimens are maxilla 
and dentaries which are referred to Phrynosoma 
sp. The middle Oligocene lizard Exostinus 
serratus (Cope) has been suggested as a pos- 
sible ancestral Phrynosoma (Gilmore, 1941; 
Reeve, 1952). 

The present distribution of P. cornutum 
(Smith, 1946, Map 20) is distinctly south- 
western. If the Pliocene forms had similar 
climatic demands as do the Recent related 
ones, then the presence of P. cornutum along 
with the other reptiles in this fauna indicates 
a warm temperate climate. The extremely 
large mammalian, avian, amphibian and in- 
vertebrate fauna indicates a mild temperate 
climate with demands for numerous aquatic 
habitats (Hibbard, 1950). The assignment of 
the Rexroad deposits containing the Rexroad 
fauna and the older Saw Rock Canyon fauna 
(Hibbard, 1953) to post-Nebraskan till, Pleisto- 
cene age, by Frye and Leonard (1952), would 
therefore seem untenable according to the 
vertebrate faunas. 
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Crocodilian Remains from the Pleistocene of Celebes 


D. A. Hooryer 


HE two fragments of crocodilian dentaries 

described below form part of a collection 
of fossils made at Sompoh, near Tjabengé 
(Sopeng district), about 100 km. NE of Macas- 
sar in southwestern Celebes. Earlier finds have 
been mentioned elsewhere (Hooijer, 1948 a-c, 
1949, 1950). No specific determination is here 
attempted, yet it seems worth while to draw 
attention to these remains because they are 
the first evidence ever obtained of crocodiles 
occurring in the Pleistocene of Celebes. It is 
a great pleasure to acknowledge my indebted- 


ness to the Head of the Dinas Purbakala R. I. 
at Jakarta, Java, Indonesia, who entrusted 
these fossils to me for study, and to Mr. H. R. 
van Heekeren who was responsible for collect- 
ing. The figures illustrating this paper are by 
Mr. H. Heyn of the Museum of Natural History 
at Leiden. 

Recent material used for comparison con- 
sists of a good series of Crocodylus porosus as 
well as a few skulls of C. palustris and C. sia- 
mensis, all in the Leiden Museum of Natural 
History. The literature was consulted for the 


Fig. 1. Upper: Larger fragment of left dentary 
of Crocodylus sp., with alveoli (from right to left) of 
fourth to ninth tooth, inclusive. Part of sixth and 
seventh teeth are present in their respective al- 
veoli. Lower: Smaller fragment of left dentary of 
Crocodylus sp., with alveoli (left to right) of eighth 
and ninth teeth. Left, upper view; right, outer view. 


specific characters of C. mnovaeguineae and 
C. mindorensis, but these accounts have not 
been found relevant to the portion of the 
dentary here represented. 

The most complete specimen is a heavily 
fossilized fragment of the left dentary (Fig. 1, 
upper). Its inner border (below in the figure) 
is curved inward anteriorly (right side of the 
figure), a clear sign that the dentary is broken 
off at the posterior edge of the symphysis. No 
splenial is preserved, but the rough concavity 
of the inner surface which lodged it shows that 
it extended forward to about 3 cm. from the 
posterior edge of the symphysis. Hence the 
splenial does not form part of the symphysis; 
this is a characteristic of Crocodylus. 

In the broken anterior surface of the frag- 
ment the basal portion of the alveolus for the 
enlarged fourth mandibular tooth, about 
22 mm. in diameter, is inclined forward. The 
fractural plane slopes backward toward the 
upper surface, and intersects the alveolus of 
the fifth tooth just in its center at the upper 
surface of the dentary. The anterior projection 
of the inner border of the dentary, that marks 
the posterior edge of the symphysis, shows 
that the symphysis extends backward to the 
front of the fifth tooth. The large fourth tooth 
must have been entirely in front of the posterior 
edge of the symphysis at the upper surface 
of the dentary. 
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Fortunately, the position of the enlarged 
fourth mandibular tooth relative to the pos- 
terior border of the symphysis is of some 
systematic significance (Boulenger, 1889; 
Mook, 1921; Kilin, 1933). In the common 
estuarine crocodile of the Indo-Australian 
Archipelago, Crocodylus porosus, the symphysis 
extends backward at least as far as the fifth 
mandibular tooth; in C. palustris to the level 
of the fourth or fifth tooth; in C. siamensis 
only to the fourth tooth. A certain amount of 
variation in these characters can be observed. 
Thus, in a series of seven skulls of C. porosus 
the position of the posterior edge of the sym- 
physis ranges from the front of the fifth tooth 
to the middle of the sixth tooth. In C. siamen- 
sis, however, the symphysis is always shorter, 
extending only to the fourth mandibular tooth. 
Consequently, the fossil dentary, in the above 
discussed character, agrees with both C. poro- 
sus and C. palusiris, but not with C. siamensis. 

In the fossil specimen the alveoli of the fifth 
to, and including, the eighth mandibular tooth 
are small, 12 to 13 mm. in diameter only, and 
rather close together. Behind the alveolus of 
the eighth tooth there is a diastema of 10 mm., 
and at this level the heavily pitted outer sur- 
face of the dentary is curved inward. The 
dentary is broken off obliquely through the 
alveolus of the ninth tooth, which is likewise 
small but placed on a higher level than the 
alveoli in front of it. 

The difference between the fossil fragment 
and recent dentaries is in the crowding of the 
teeth in the former, suggesting a relatively 
short dentary. In recent specimens the man- 
dibular teeth are rather widely spaced and set 
approximately in a straight line. In the fossil 
dentary, if a straight line is drawn from the 
center of the fifth to that of the ninth tooth, 
the sixth tooth is internal, and the seventh and 
eighth are external to this line (Fig. 1). There 
is hardly any space between the teeth of the 
fossil dentary except between the eighth and 
the ninth tooth. In dentaries of Recent species 
the greatest diastema is also between the eighth 
and the ninth tooth, and there is also a depres- 
sion of the outer surface, which serves for the 
reception of the large fifth maxillary tooth. 
Furthermore, in Recent crocodilian skulls the 
dentary is somewhat higher at the ninth tooth. 
In all of these characters there is a close re- 
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TABLE I 
MEASUREMENTS (IN MM.) OF Two Foss DENTARIES COMPARED WITH THOSE OF SEVEN SPECIMENS 
(identified by letter) oF Crocodylus porosus IN THE LEIDEN MusEUM 


Characteristics 


Fossils 


Crocodylus porosus 


No. 1 


No. 2 h p ° e f a n 


Skull length (premaxillae-condyle) 
Width of dentary between 6th and 7th tooth 59 
Height, same level 53 
Height between 8th and 9th tooth 56 


Length from posterior border of 5th to anterior | 50 
border of 9th tooth 


Distance from symphysis to middle of diastema | 97 
between 8th and 9th tooth 


Length from posterior border of 7th to anterior 
border of 10th tooth 


Longer diameter of alveolus 


8th tooth 13 
9th tooth 

Diastemata width 
7th to 8th tooth 3 
8th to 9th tooth 10 
9th to 10th tooth 


442 | 463 | 509 | 518 | 603 | 607 | 662 


44; 35| 38| 57 
32} 36) 38] 41] 58 
35 35 | 34) 41] 37] 42) 45] 61 


69] 72) 79) 99| 94] 85 


88 | 95 97 | 106 | 133 | 120 | 120 


45 54] 60} 79| 79 | 72 


10 IS | 16) 35 


4 7 9) | 
14 14} 17| 17) 20| 23) 22 


4 6| 6 7 8] 12] 13 7 


semblance of the fossil to the Recent specimens; 
only the shortness of the dentary, and the 
crowding of its teeth, which do not stand in 
line, require further attention. 

As noted above, the irregular arrangement 
of the alveoli in the fossil is mainly the result 
of an inward displacement of the sixth tooth. 
This may be an anomaly or a specific character. 
Anomalies in the crocodile skull, such as those 
described by De Jong (1928) and Kalin (1937), 
may involve the number as well as the align- 
ment of the teeth. In the present specimen 
there are no indications that the condition is 
abnormal; on the contrary, the crowding of the 
teeth seems to be a function of the general 
shortness of the dentary as a whole. It appears 
that both of these characters are proportional 
or harmonic. Measurements show that, while 


in width and height the fossil dentary agrees 
best with the largest Recent specimen of Cro- 
codylus porosus, the length from the posterior 
border of the alveolus of the fifth tooth to the 
anterior border of the alveolus of the ninth 
tooth is even less than that in the smallest of 
the series of Recent skulls. The measurement 
from the posterior lower edge of the symphysis 
to the middle of the diastema between the 
eighth and ninth tooth (one of the few length 
measurements that can be taken from the fossil 
fragment) also shows that the Celebean den- 
tary is decidedly shorter than that of Cro- 
codylus porosus of the same bulk. (Table I, 
specimen No. 1). 

Fortunately, there is a fragment of another 
dentary (Fig. 1, lower left and right) in the 
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collection that Mr. Van Heekeren brought 
together at Sompoh, and this helps somewhat 
toward a solution of the problem as to whether 
the differences between the fossil and the Re- 
cent dentaries are constant. 

This smaller fragment contains two alveoli, 
and is broken off in front as well as behind 
through an alveolus. The alveoli that are com- 
pletely preserved are slightly longer antero- 
posteriorly than wide in cross section, and the 
pitting on the outer surface is not heavy. The 
splenial is gone, but its imprint on the dentary 
remains. The diastema between the two com- 
plete alveoli is much longer than the one in 
front and the one behind it; the outer surface 
of the dentary between the two complete 
alveoli is depressed, and the dentary is higher 
at one of these alveoli than it is at the other. 
These characters in combination show that the 
preserved portion is that part of the left 
dentary containing the eighth and the ninth 
teeth. Comparison with Recent dentaries again 
shows that the teeth are closer together in the 
fossils (Table I, specimen No. 2). In height, 
moreover, the fossil dentary agrees with the 
smallest of the Recent series, but the length 
from the posterior border of the alveolus of the 
7th tooth to the anterior border of that of the 
10th is decidedly less. 

Both the large and the small fossil dentary 
fragments from Sompoh agree in that their 
teeth are somewhat more closely approximated 
than are those in Crocodylus porosus. 

The presence in the Pleistocene of Celebes of 
a kind of crocodile seemingly different from all 
the other known species of its genus seems re- 
markable in view of the fact that Miiller (1923) 
has shown that Crocodylus ossifragus Dubois, 
from the Pleistocene of Java, is identical with 
the living Crocodylus siamensis. But this dis- 
covery should be seen in the light of a remark 
by Schmidt (1935) who observed that “... it 
is reasonable to suspect another undescribed 
species in the ancient lakes of Celebes.” 
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SUMMARY 


A description is given of two fossil fragments 
of dentaries of a species of Crocodylus originat- 
ing from probably Pleistocene deposits in south- 
western Celebes. These fossils are the first 
crocodilian remains to be made known from 
the island of Celebes. The larger fragment, a 
left dentary showing the alveoli for the fourth 
to (and including) the ninth tooth, is remark- 
able because of the irregular arrangement of 
the teeth. The smaller dentary fragment, a 
portion that contains the alveoli of the eighth 
and ninth tooth, is also suggestive of a general 
shortness of the dentary. Comparisons made 
with a series of recent Indo-Australian croco- 
diles suggest specific difference rather than 
anomaly. 
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Differential Vertical Distribution of the Sexes in Gibbonsia elegans 
with Remarks on Two Nominal Subspecies of this Fish 


GrEorGE C. 


HE blennioid fish, Gibbonsia elegans 

(Cooper), is a brightly colored, slender 
bodied inhabitant of dense seaweed beds on 
the California coast from the lower intertidal 
level to depths of about thirty meters. It occurs 
most abundantly in rocky areas of the open 
coast, but is also found in eel grass and other 
vegetation of calm bays. Maximum length is 
about 120 mm. 

This paper presents evidence that the males 
and females of this species have different 
bathymetric distributions, and discusses the 
bearing of this evidence and other considera- 
tions on the validity of two recently proposed 
subspecies, Gibbonsia elegans elegans and G. 
elegans velifera Hubbs. I believe that the 
morphological differences between these two 
forms, although undoubtedly real, may be 
merely phenotypic, a reflection of direct en- 
vironmental influences, not of phylogenetic 
divergence. 

The observations reported in this paper were 
made possible by the friendly cooperation of 
many people. I am indebted to Dr. Carl L. 
Hubbs and Kenneth S. Norris of Scripps In- 
stitution of Oceanography (University of Cali- 
fornia), W. I. Follett of the California Academy 
of Sciences, and Miss Margaret Storey of 
Stanford University for the use of collections 
kept at their respective institutions. In my 
own collecting I have been ably assisted by 
Richard H. Rosenblatt, Jay C. Quast and 
other graduate students of the University of 
California at Los Angeles. Dr. Boyd W. Walker 
and Dr. Waldo H. Fergason of this University 
and Dr. Carl L. Hubbs have aided immeasur- 
ably by their many valuable suggestions, both 
in the conduct of the investigations and the 
preparation of the manuscript. Responsibility 
for any forthcoming errors or misinterpreta- 
tions is, however, entirely my own. 


MATERIALS AND METHODS 


The data to be presented were derived from 
51 collections totalling 777 specimens. Thirty- 
six collections (628 specimens) are included 
in the fish collection of the Zoology Depart- 
ment of the University of California at Los 
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Angeles, and are housed partly at the Univer- 
sity and partly at the California Academy of 
Sciences in San Francisco. Other material, 
mostly from habitats poorly represented in the 
U. C. L. A. collection was borrowed from other 
institutions. This includes ten collections (77 
specimens) from Scripps Institution of Ocean- 
ography and five collections (72 specimens) 
from Stanford University. Other available col- 
lections were examined, but are not considered 
here, because they could not confidently be 
classified as to water depth by the available 
collection data. The collections were made 
between April, 1946 and August, 1953. 

Sexes were determined by examination of 
the gonads. The sexes are easily distinguished 
in specimens over 40 mm. in standard length. 
Sexual maturity occurs at about 60 mm. 

The vertical distribution of the sexes was 
determined by comparing the sex ratios of 
samples taken from four different ranges of 
depth. Collections from all but the deepest 
range were made wholly or partly with rotenone 
and dip nets. The shallowest range considered 
is the lower intertidal zone, approximately 0 to 
1.2 meters below mean sea level, and is repre- 
sented by specimens taken from stranded pools 
at low tide. Samples taken at low tide from 
water broadly confluent with the ocean, but 
shallow enough to be covered by wading, 
represent the next range of depth to be con- 
sidered, approximately 1.2 to 2.4 meters below 
mean sea level. Depths from 2.4 to 13 meters 
are represented by four collections. Three of 
these were taken with rotenone in water of 
from six to ten meters maximum depth, with 
the aid of boats and diving apparatus (aqua- 
lungs). The other collection from this depth 
range was dredged from 10 to 13 meter depths 
as determined by an echo sounder. Samples 
from the deepest range, from about 16 to 30 
meters were also taken by dredging, with 
depths measured by echo sounders. 


CHANGES OF SEX RATIO WITH SIZE AND SEASON 


Before different collections can be compared 
to determine the relationship of habitat to sex 
ratio, it is necessary to ascertain the size range 
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TABLE I 
Sex Ratios oF INTERTAL AND SHALLOW 
SUBTIDAL FisH By SIZE 


Fish taken from 0 to 2.4 meters below mean sea level 
between March, 1951 and August, 1953 


Standard length dg | Rercent 
40-45 mm. 10 Z 59 
45-50 mm. 17 1B 61 
50-55 mm. 13 5 ef 
55-60 mm. 10 3 77 
60-65 mm. 15 3 83 
65-70 mm. 11 4 73 
Over 70 mm. 260 68 79 
TABLE II 


Sex Ratios oF INTERTIDAL AND SHALLOW 
SuBTIDAL FisH By SEASON 
Depths and years are the same as for Table I 


Cold__| Warming | Warm | Cooling 
Depth in |Jan.-March} Apr.-June Sept. 


meters 
AM) PP AH! OP 
1.2-2.4 31 | 15 | 80 | 24} 2/0 | 23) 22 
Season totals | 84 | 21 |100 | 26 | 16 | 3 | 86) 24 
Total percent 
female 80 79 84 78 


in which the one-sided sex ratios occur, and 
whether there is any seasonal change in these 
ratios. Extreme sex ratios occur only in shallow 
water, the 0 to 2.4 meter depths, where the 
females form an overwhelming majority. It is 
here only that the sex ratios are extreme enough 
and the samples large enough to indicate the 
relationship of sex ratio to size and season with 
any precision (Tables I and II). 

Note in Table I that the 40- to 50-mm. fish 
show only a slight majority of females, but that 
the 50- to 55-mm. fish and all larger sizes ap- 
proximate the adult sex ratio of 79 percent 
females. If only specimens above 50 mm. 
standard length are considered, it should then 
be legitimate to compare the sex ratios of 
different collections without further regard to 
the sizes of the specimens. 

Many of the cases of aberrant sex ratios that 
are known among fishes are associated with 
breeding activities and occur seasonally on the 
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spawning grounds but not otherwise. My ob- 
servations indicate that Gibbonsia elegans 
spawns most heavily in the winter months at 
Los Angeles. The spawning season may prop- 
erly be said to include the whole year, however, 
since a few ripe adults and very small juveniles 
can be found at any season. « 

Seasonal differences in sex ratios of specimens 
longer than 50 mm. are considered in Table II, 
in which sex ratios are tabulated for four 
seasons that are based on my records of surf 
temperatures at Palos Verdes, near Los An- 
geles. Winter temperatures are generally 13° 
to 14°C., summer temperatures 18° to 19°C. 
In the Channel Islands area and parts of north- 
ern Lower California, temperatures are, by 
virtue of the California current and summer 
upwelling conditions, generally lower, less 
variable and less strictly seasonal; but the tem- 
peratures roughly parallel those found at Los 
Angeles. The table clearly indicates that the 
numerical superiority of the females in shallow 
water continues throughout the year. The most 
significant difference is between the warming 
and cooling seasons in the subtidal ratios. The 
difference is reversed in the intertidal material, 
however, the season totals showing approxi- 
mately similar sex ratios. This lack of correla- 
tion between intertidal and shallow subtidal 
ratios is perhaps a reflection of variation among 
habitats within each range of depth. Clear 
indications of seasonal influences on sex ratio 
are lacking, so I assume that season has no 
gross influence on sex ratio, and that for fish 
longer than 50 mm., different samples may be 
compared without regard to the season at 
which they were collected. 


VARIATION OF SEX Ratio witH DEPTH 


The sex ratios of Gibbonsia elegans from four 
different ranges of depth on open rocky coasts 
are compared in Table III. The two subspecies 
are considered together in this table. The 
difference in sex ratio between these two forms 
is considered later. The p-values opposite the 
brackets indicate the probability that the two 
ratios connected by each bracket were taken 
from one homogeneous population, and so 
constitute a measure of the significance of the 
difference between the two ratios. All proba- 
bilities were calculated by a normal curve test 
described by Rider (1939: 81-3). This table 
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IIT 


Totat SEx Ratios oF FisH FROM 
DIFFERENT DEPTHS 


‘Number 
Depth in Percent} Statistical 
meters of | female | evaluation 


0-12 | 20 | 150] 13] 92 |} p = .000 
1.2-24 | 10 | 136| 62| 69 = O01 
2.4 - 13 4 | 
16-30 | 17 | 82/86] 49 p= .249 


demonstrates that there is a great preponder- 
ance of females in the shallowest part of the 
habitat, with progressively increasing propor- 
tions of males with increasing depth, the males 
being in a slight majority in the deepest range 
considered. All differences except that between 
the two deepest ranges are highly significant. 
Thus there would appear to be a habitat differ- 
ence between the sexes, with females ranging 
more abundantly into shallow water than the 
males. The rate of change of sex ratio with 
depth is apparently greatest in shallow water. 
Since the difference between the two deepest 
ranges is not significant, it is impossible to say 
how far the trend continues. It is apparent, 
however, that any further increase in the pro- 
portion of males beyond the thirteen-meter 
contour must be slight, and to be conclusively 
demonstrated, will require many more speci- 
mens than have yet been collected. 
Unfortunately it has been necessary in 
Table III to compare shallow-water collections 
from Palos Verdes (near Los Angeles) with 
deep-water collections from the Channel Is- 
lands and other areas, and also to compare 
intertidal and shallow subtidal collections from 


different localities in the Palos Verdes area. 
Although the large number of the collections 
and the high degrees of significance attained 
may justify this procedure to a certain extent, 
it is nevertheless desirable to consider the few 
collections that have been made at different 
depths at the same locality. Four such pairs of 
collections have been made (Table IV). On 
three occasions one series was taken from tide 
pools and the other from shallow subtidal water 
below the pools. In two of the three pairs of 
samples, higher proportions of females were 
taken intertidally than subtidally,. with an 
approach to statistical significance in each 
case. The one collection that showed a higher 
proportion of females subtidally is the least 
significant. Also shown in this table is the 
higher proportion of females in a shallower 
dredge collection as opposed to a deeper one in 
the same area. While the differences presented 
are in no case highly significant, they provide, 
in the aggregate, some further justification for 
using material from diverse localities, as was 
done in Table III. 

Gibbonsia elegans is found in weedy areas of 
bays as well as on the open coast. The bay 
collections that I have examined were made 
with beach seines, which take fish from shallow 
water near shore. If the sexes are distributed 
in bays as they are on the coast, we would 
expect the bay samples to show a female ma- 
jority. I have examined three collections, each 
from a different bay, and found a preponder- 
ance of females in each case. The total is 34 
females to 16 males. Ninety-five percent con- 
fidence limits for this ratio are 81 and 53 
percent females (Wilks, 1949: 201), so appar- 


TABLE IV 


Sex RaTIOs OF BATHYMETRICALLY SEPARATED SERIES FROM SINGLE LOCALITIES 
All fish were taken in 1953 


Time and place Depth in meters | 99 | oo | Fercent | Statistical 
0- 1.2 18 2 90 

II: 11-12, Palos Verdes eer 5 2 1 p = .115 
0-1.2 35 4 90 

III: 11-13, Palos Verdes 1.2-2.4 20 8 1 p = .027 
0-1.2 7 1 88 

IV: i, Palos Verdes 1.2-2.4 7 3 90 p = .581 
10 - 13 48 37 56 

VIII: 4-5, Coronados I. 18 - 30 50 44 53 p = .330 
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ently the females are in the majority in shallow 
water in bays as well as on the open coast. 
Unfortunately the abundant “snags,” the 
prevalent currents and turbidity, and other 
difficulties have so far discouraged the collec- 
tion of deep-water samples from bays, either 
by rotenone or drag-nets. 

The observation of differences in the ecologi- 
cal distribution of the sexes in a species of 
supposedly sedentary marine fish is unexpected, 
and raises certain questions, the most con- 
spicuous having to do with the behavior of the 
animal. We would not expect a species to 
evolve behavior patterns which would severely 
limit contact between the sexes at spawning 
time, so perhaps there are temporary vertical 
migrations in one or both sexes, at least in the 
shallower parts of the habitat. Since there is 
no sharply defined breeding season, individual 
migrations of this sort might have little influ- 
ence on observed sex ratios, but might be de- 
tected in ways other than comparing ratios. 
If we had large series, collected simultaneously 
from different depths at the same locality, we 
might find a higher incidence of ripeness among 
females from deep water than shallow water; 
or perhaps that a considerable proportion of the 
deep-water females had the coloration and pro- 
portions more commonly seen in shallow water. 
Such observations would suggest that the fe- 
males seek deeper water at spawning time. 
Future investigation of these possibilities is 
contemplated. 

Other problems concern the functional basis 
for the observed sex ratios. Why should the 
females be found so much more abundantly in 
shallow water than the males? In some fishes 
the males remain on the spawning grounds for 
a longer time than the females. Perhaps suit- 
able spawning conditions are not found in 
shallow water, and the males maintain more 
or less permanent territories in deep water 
spawning areas. We know almost nothing of 
the breeding habits of this fish, however, so 
we can only speculate about such matters. 

We may also wonder if Gibbonsia elegans is 
unique, or if other species show differences in 
the vertical distribution of the sexes. Except 
for the soupfin shark (Ripley, 1946), no such 
phenomenon has hitherto been described in 
the literature. Investigation of other rocky- 
shore fishes of southern California is now in 
progress, and I hope that this paper will 
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stimulate workers in other areas to hunt for 
similar cases. 


Sex Ratios OF THE Two SUBSPECIES 


As was noted above, two subspecies of 
Gibbonsia elegans have been recognized in 
California waters (Hubbs, 1952). G. e. elegans 
(Cooper) is restricted to shallow water on 
rocky coasts of certain outlying islands and 
the mainland south of Point Conception. 
G. elegans velifera Hubbs occurs in shallow 
water on rocky coasts from Point Conception 
northward, and in calm bays and sloughs to 
the south. It is also found in deep water, below 
about the ten-meter contour, on the southern 
California coast, where it intergrades with the 
typical subspecies at intermediate depths. Ex- 
cept where otherwise specified, these and other 
observations on the morphology and distribu- 
tion of these subspecies are those of Hubbs 
(1952). 

It is apparent that the two shallowest ranges 
of depth considered (Tables III and IV) should 
provide examples of elegans only, and the 
deepest range should provide only velifera. 
Collections from the 2.4- to 13-meter depths 
may, however, approach or include the zone of 
contact and so provide examples of both forms 
and their presumed intergrades. 

Morphological analysis of these possibly 
intermediate samples is illustrated in Figure 1, 
in which they are compared with a large series 
of Gibbonsia elegans velifera from the type 
locality and habitat of this subspecies, and with 
a representative sample of G. e. elegans from 
the intertidal zone at Palos Verdes. The par- 
ameter of morphology is a “character index,” 
a tool first described by Hubbs and Whitlock 
(1929). It consists of a quantitative combina- 
tion of the best characters used to distinguish 
two forms. The best characters for distinguish- 
ing the two forms of Gibbonsia elegans appear 
to be the relative elongation of the caudal 
region, the length of the first dorsal spine, and 
the length of the second dorsal soft-ray, all of 
which are long in velifera and short in elegans, 
and the head length, which is shorter in velifera. 
When the head length is divided by the sum 
of the first three characters listed, the resulting 
index should average much higher in elegans, 
and the graphs show that this is the case, the 
means of elegans and velifera lying about 2.4 
standard deviations apart. Sex dimorphism, 
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Polos Verdes tide poole (36) 
San Martin 2-6m (9) 
Smugglers Cove 2-6m (16) 


Pellcon Boy 2-10m. (3) 


Coronados 1. 10-13m. (16) — 
Coronddos 1. 18-30m (28) 
700 
Character index 600 650 


Fig. 1. Morphological status of possible inter- 

grades. The graphs summarize the distributions of 
morphological character indices for Gibbonsia elegans 
elegans (top bar), G. elegans velifera (bottom), and 
four samples collected in the two-to-thirteen meter 
depth ranges (four middle figures). 
The pute form follows that proposed by Hubbs and Hubbs 
(1953). The heavy horizontal lines represent ranges of varia- 
tion. The open rectangles describe one standard deviation in- 
tervals on either side of the mean (small central peak), and the 
blackened areas represent two standard errors on either side 
of the mean. Only the mean and range are shown in the very 
small Pelican Bay sample. Pelican Bay and Smugglers Cove 
are on Santa Cruz Island, California. San Martin and Coro- 
nados Islands are off the coast of Lower California. 


TABLE V 


Sex Ratios oF Two SUBSPECIES AND 
THEIR INTERGRADES 


Percent | Statistical 
Taxa 92 | female | evaluation 


Gibbonsia e. elegans| 303 | 93 | 77 } p = .000 
Intergrades 63 | 54] 54 
Gibbonsia e.velifera| 82| 86| 49 |} P = -205 


incidentally, does not appear to contribute to 
this difference to any important extent. In- 
stead of the usual measurement of caudal 
peduncle length, I have used another, perhaps 
more precise measurement of caudal elonga- 
tion, namely, the distance from the hypural 
base in the midline to the base of the last dorsal 
spine. Since the proportions change with 
growth, a correction factor is needed to make 
large and small fish comparable. Adding a 
thousandth of the standard length (in milli- 
meters) to the raw index described above 
approximately compensates for relative growth 
changes. It is this amended index that is used 
in Figure 1. 

The means of all of the possibly intermediate 
collections investigated lie between the means 
of the two standards used. The difference 
between the San Martin Island and Palos 
Verdes collections, however, is small and 
readily attributed to sampling error. Indica- 
tions of intermediacy are stronger for the other 
collections, as is indicated by the lack or paucity 
of overlap of the two standard error intervals. 
We might, then, regard the San Martin Island 


collection as representative of Gibbonsia elegans 
elegans and regard the remaining three samples 
as intergrades. According to this classification, 
I have compared the sex ratios of the two sub- 
species and their intergrades in Table V. Gib- 
bonsia elegans velifera is represented in the 
open coast collections that I have examined by 
a slight majority of males, G. e. elegans by a 
great majority of females, and the intergrades 
by an intermediate sex ratio. The differences 
between the two forms in nature may not be 
so great as the table would indicate, because 
the shallow-water collections are biased in 
favor of the shallowest part of the habitat. 
Statistical weighting of the deeper collections 
of the shallow-water form and various re- 
interpretations of the intergrades of Figure 1 
do not, however, greatly modify the picture. 
For example, if we were to call all of the inter- 
grades Gibbonsia elegans elegans and weight 
them equally with the shallow-water material, 
we are still left with a highly significant (p = 
.000) difference of 17 per cent between the sex 
ratios of the two subspecies. Also it should be 
noted that really typical representatives of the 
shallow-water form may be confined to the 
shallowest part of the habitat, where the most 
extreme sex ratios occur. This is indicated by 
the intermediate character of possibly all four 
of the collections considered, and also by 
Hubbs’ conclusion (1952: 147-8) that the 
samples from high pools may be statistically 
separable from those of low pools. The inter- 
gradation between the two forms thus appears 
to be quite broad. 

I believe that many people, myself included, 
would regard the difference in sex ratio and 
probable broadness of morphological inter- 
gradation between the two forms as suggestive 
of a single population, rather than two sub- 
species. In fairness to the latter interpretation, 
however, two things should be emphasized. 
First of all, differences in sex ratio among sepa- 
rate populations of a species are by no means 
unknown. Krumholz (1948), for instance, has 
shown that the sex ratio of Gambusia affinis 
varies considerably, with females generally in 
a strong majority. Secondly, there are no strong 
indications that the deep-water populations 
of Gibbonsia elegans velifera have anything but 
a one-to-one sex ratio, homogeneously dis- 
tributed. Thus the aberrant sex ratios and 
breeding contacts between bathymetrically 
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separated individuals, if these indeed occur, 
need involve only the shallow-water form. 
This more complicated explanation fails to 
explain the difference in sex ratio between the 
two forms, however, and the one-population 
hypothesis does. 

The final answer on the nature of these two 
forms of Gibbonsia elegans can only be reached 
by careful experimental investigation. Morpho- 
logically definable habitat forms are common 
among fishes, and a thorough investigation of 
this phenomenon would be of immense theo- 
retical and practical interest. 


FURTHER CONSIDERATION OF THE NOMINAL 
SUBSPECIES 


Although definitive experimental data are 
lacking, we are not entirely without facts 
pertinent to the immediate problem of the 
nominal subspecies of Gibbonsia elegans. I 
believe that there are reasons, in addition to 
the admittedly inconclusive one of differences 
in sex ratio, for regarding the two forms not as 
subspecies but as non-genetic habitat forms. 
The reasons are as follows: 


(1). The morphological differences are small 
roe tebe to the differences known to have been 
produced by direct environmental action on genet- 
ically similar stocks, and therefore the differences 
are as readily attributable to direct environmental 
action as to phylogenetic divergence. The differ- 
ences in no case consist of anything more than a 
significant difference between means in the propor- 
tions of various bodily measurements to standard 
length. In “character indices” such as the propor- 
tion of head length to caudal peduncle length, the 
means are never more than two standard deviations 
apart. Much greater differences have been produced 
by transplanting stocks of fish from one environ- 
ment to another. Svirdson (1950) produced striking 
changes in transplanted stocks of whitefish, one 
group of transplants being about five standard 
deviations removed from the parental stock in eye 
diameter, with other characters affected almost as 
strikingly. A variety of other fishes have likewise 
proved to be phenotypically quite eeey for in- 
stance a blenny (Ege, 1942), a stickleback (Heuts, 
1947), and a croaker (D. C. Joseph, 1953, paper on 
“Morphological Variations in a Population of 
Bairdiella icistius, a Gulf of California Sciaenid, 
ery in the Salton Sea,” presented at meetings 
of the Western Division, ASIH, on June 17 at 
Santa Barbara). 

(2). The two forms differ only in proportions, 
not in meristic characters. This is also true of the 
two other sympatric subspecies pairs in this genus. 
Allopatric subspecies differences, five cases in all, 
invariably include meristic differences. This may 
be coincidence, but statistically it is a strong argu- 
ment (C§ = 81/315! = 56; p = .018) for believing 
that the sympatric subspecies are somehow different 
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from the allopatric ones. A consideration of the time 
in development at which meristic characters and 
proportions are determined provides an explana- 
tion. Most meristic characters are determined in the 
egg or larval stage (Taning, 1952), whereas propor- 
tions can be influenced by the environment as late 
as sexual maturity or later (Martin, 1949). Since 
Gibbonsia elegans probably spawns in varying en- 
vironments, such as warm bays and the colder 
coastal waters, we would expect that the meristic 
characters would be subject to varying environ- 
mental influences. Perhaps, however, the fish from 
these different environments are homogeneously 
mixed in the larval stage. Perhaps every tidal cycle 
results in the wholesale removal and replacement of 
the larvae in bays, and local currents mix the larvae 
from deep and shallow water. This mixing would 
obscure any environmental effect on meristic char- 
acters, and the fish settling in tide pools would be 
no different from those settling in deeper waters. 
Thus the sympatric forms differ only in those char- 
acters which can be affected by the environment 
after the larval stage has been passed, whereas allo- 
patric populations differ in meristic characters as 
well, the meristic differences being caused by genetic 
differences or environmental factors acting through- 
out development, or both. 

(3). Population geneticists have raised certain 
objections to the concept of sympatric speciation. 
Stebbins (1950; 236-8) summarized these considera- 
tions. While I have no inclination to debate upon 
this matter here, I wish to point out that if these 
theoretical objections ever have any validity, they 
would be valid in this case, since the spatial separa- 
tion of the two forms in coastal waters is extremely 
slight, and the powers of dispersal of the species, by 
virtue of its free-swimming larval stage, are prob- 
ably great. 


Even if the habitat forms of Gibbonsia elegans 
should eventually prove to be true subspecies, 
the fact remains that the only evidence upon 
which they were originally proposed is the 
existence of intergrading morphometric differ- 
ences correlated with habitat. I would like to 
urge that, in fishes, the mere existence of such 
differences, whether between closely contiguous 
habitats or isolated geographic regions, does 
not by itself constitute evidence of subspecific 
divergence. Those who persist in recognizing 
subspecies in such plastic animals as fishes, 
merely on the basis of such differences, are 
likely to be proven wrong by future experi- 
mental investigations. 


SUMMARY 


The blennioid fish, Gibbsonia elegans, is 
found on the California coast from the lower 
intertidal to depths of about thirty meters. It 
is concluded, for the following reasons, that 
females range more abundantly into shallow 
water than the males: 
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(1). Tide pool collections of fish above the 
sub-adult size of 50 mm. consist of over 90 
percent females. 

(2). There are no clear indications of 
seasonal fluctuations in the proportion of males 
and females in shallow water. 

(3). The proportion of males increases 
rapidly with increasing depth. Approximately 
equal proportions of males and females are 
found over most of the vertical range of the 
species. 

The morphologically definable deep-water 
and shallow-water forms of this species, which 
have recently been regarded as sympatric sub- 
species, are here regarded as non-genetic habi- 
tat forms, for the following reasons: 

(1). The two forms have different, perhaps 
complementary, sex ratios. 

(2). The morphological differences between 
the two forms are small compared to differences 
known to have been produced in fishes by direct 
environmental influences. 

(3). Sympatric subspecies differences in 
this genus include only those characters which 
can be affected by the environment relatively 
late in development. The allopatric subspecies 
differ in meristic characters which are deter- 
mined in the egg or larval stage. This can be 
explained by postulating that allopatric forms 
constitute separate populations, but that the 
sympatric forms are derived from a single 
population of larval fish. Differences arise after 
the larvae have settled to the demersal habitats. 
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Reproductive Behavior of the Blackstripe Topminnow, 
Fundulus notatus 


JorcE CARRANZA AND Howarp Winn! 


HE genus Fundulus and other cyprino- 
dontids constitute a conspicuous element 
of the North American fish fauna. Despite 
this, there is little published information on 
their reproductive habits. In order partially to 
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fill this void, we report here on our studies of 
Fundulus notatus (Rafinesque) made during 
June and July, 1953. Sexual dimorphism, 
dominance of certain males, display, and spawn- 
ing are in general much like that of Fundulus 
heteroclitus (Linnaeus), as described in an ex- 
cellent paper by Newman (1907). 
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The observations are based upon field studies 
at the southern end of Whitmore Lake, Wash- 
tenaw County, Michigan, and on laboratory 
studies of fish brought from the lake to aquaria 
at Ann Arbor. The aquaria were of two sizes, 
91.5 X 45.5 & 38.0 cms. and 49.5 X 30 X 
30 cms., and the depth of water was main- 
tained between 15 and 20 cms. Unless otherwise 
stated, the various elements of behavior de- 
scribed were observed a minimum of ten times. 


SEXUAL DIMORPHISM 


As is usual in cyprinodont fishes, there are 
marked differences between the sexes in color, 
color pattern, and fin shape. This divergence 
appears to be related to sex recognition, dis- 
play, and the reproductive act. 

The posterior rays of the dorsal and anal fins 
are elongated in the male so that these fins 
appear much larger than the corresponding 
rounded fins of the female. In general in the 
male, the dorsal, anal and pelvic fins are bright 
yellow, and the caudal and pectoral fins are 
pale yellow. Little or no yellow appears in the 
fins of the female. The color of the male’s dorsal 
fin is divided into three bands: an outer edge of 
opaque white; a middle dusky-gray band 
about one-third the width of the fin; and a 
lemon-yellow basal band, about two-thirds the 
width of the fin, which is sprinkled with large 
irregular black spots. The dorsal fin of the 
female shows a similar division of color, with a 
few large gray spots, a slight tinge of yellow, 
and a partial white opaqueness. The anal fin in 
the male is marked also by three major bands: 
an outer narrow band of lemon yellow; a slightly 
wider dusky-gray band; and a basal band one- 
half the width of the fin, which is cloudy-white 
except for a narrow outer margin of yellow. 
The basal band has large, scattered black spots. 
The anal fin of the female is characterized by 
a few dusky-gray spots, an opaque white 
appearance and sometimes a tinge of yellow. 

The caudal fin of the male has larger black 
spots and a little more yellow than does that 
of the female. The male’s pelvic fins are lemon 
yellow, more intense on the outer edge, whereas 
those of the female are white and partially 
transparent. In both sexes the pelvics are 
dusted with small melanophores. The pectoral 
fins are similar in both sexes, except for a 
slight yellowness and duskiness on the inter- 
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radial membranes of the male. The large black 
or gray spots that appear on the various fins 
seem to consist of numerous minute melano- 
phores. 

Both sexes have a black stripe from the 
mouth, through the eye, to the base of the 
caudal peduncle, its width slightly less than 
the diameter of the eye. Above and below this 
stripe in the male is a series of vertical dark 
projections. The upper half of the body is 
usually olive, whereas the belly is tinged with 
yellow in the male, and white in the female. A 
blue sheen, more extensive in the male, appears 
below the midlateral stripe in both sexes. 
There are other minor sexual differences such 
as the blue chin and the yellow branchiostegal 
membranes in the male, which are white in 
the female. 

We found no contact or pearl organs in the 
male, such as those described by Newman for 
Fundulus heteroclitus, F. majalis, and F. 
diaphanus. From his studies of these species, 
Newman formed the impression that males 
were less numerous than females. Our seine 
hauls and observations on F. notatus indicate 
approximately a one-to-one sex ratio. Never- 
theless, by the end of the spawning season, 
males were much more abundant than females 
in the area of our study; perhaps because most 
of the females, then spent, had migrated. There 
is no obvious sexual difference in size, except 
during the breeding season when the abdomen 
of the female is distended with eggs. 


SPAWNING SEASON 


In the winter, F. notatus stays in the deeper 
water, apparently in bottom vegetation. On 
March 1, 1953, with a thin veneer of ice near 
the shore of Whitmore Lake, a few specimens 
were seined from the heavy organic debris of 
the plant zone, in about four feet of water. 
This zone is on the edge of a sharp drop into 
deeper water. On March 21, 1953, a few were 
seined in the deeper plant zone and in the 
shallow shore zone. Two years before, on 
April 30, 1951, the fish were common along the 
shore zone. From this evidence it appears that 
F. notatus migrates from deep water late in 
March or early in April to the shallow shore 
zone, where the fish assume a surface swimming 
habit typical of many cyprinodonts. Repro- 
ductive activity begins at least by early May, 
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although some females seined on April 26 had 
ripe eggs. The first eggs are laid sometime be- 
fore the end of May and, by the third week of 
August, none of the few females found retained 
eggs. Chidester (1920) stated that F. hetero- 
clitus breeds from April to July in New Jersey. 
A breeding season of three months duration is 
quite extensive when compared to most other 
fishes of the north-temperate region. 


TERRITORIALITY AND DISPLAY 


Under certain conditions, males and females 
of Fundulus notatus exhibit aggressive behavior 
in both the field and laboratory. A clear picture 
of the territory and dominance is not apparent 
from our studies. We believe this to be due in 
part to the weakly defended and elastic terri- 
tory of both sexes. 

Observations and seine hauls show that the 
fish typically travel in pairs along the shore. 
The male usually follows slightly below and 
behind the female. This pair activity occurs 
within an area six to twelve meters long, paral- 
lel with and close to the shore. Somewhere in 
the middle of this territory is a small cove or 
protected pocket to which the female returns, 
usually accompanied by a male. Although 
several pairs are frequently seen in the same 
area, they often do not molest each other. 
Sometimes, however, when the pairs closely 
approach, one male vigorously chases the other 
male away. The attacked male retreats rapidly, 
often breaking the surface in what seems to be 
a series of skips. In such contacts, one pair 
appears to be in the periphery of its territory, 
while the pair with the dominant male is near 
the middle of its territory. If a larger lone male 
approaches a pair, he quickly chases the 
smaller male away. If, on the other hand, the 
female is left alone in her area and another 
female approaches, the intruder is driven 
away. This aggressive behavior by the female 
when unpaired was noted also several times in 
the aquaria. When paired, the female never 
shows pugnacious activity in the field. She 
sometimes will leave the male to enter the 
thick vegetation beside the shoreline, where 
the male no longer follows her. After seemingly 
“resting” and feeding for a short period, she 
returns to her open area where she is soon 
followed by a male. The female apparently can 
lead the male almost anywhere in her area, 


except close to the shoreline in the dense emer- 
gent vegetation. 

The males swim in an apparently limited 
area, six to twelve meters long, parallel to the 
shore and not more than four meters from the 
shoreline or from the line of emergent aquatic 
vegetation. Our field observations indicate that 
the males also remain in one area, although 
they are possibly less restricted in their move- 
ments than the females. The areas overlap 
broadly with no definite line between them. 
One male will chase other males from the center 
of his area, but when paired he will permit them 
to enter more freely. In two observations a 
minnow, a schooling Notropis, followed in 
midwater below a male Fundulus but the 
minnow was not attacked. These observations 
seem to indicate incipient pair formation and 
incipient territoriality by both sexes. Newman 
said of F. heteroclitus, “although an active 
male may pursue a female or another male for 
considerable distance, he soon returns to the 
neighborhood over which he seems to exercise 
authority.” No statement was made about the 
normal behavior of the female. Because of the 
absence of a precise territorial boundary, we 
were unable to distinguish clearly between 
home range and territory. 

In the limited confines of the aquarium, the 
behavior described above is disrupted. When 
two or three individuals of each sex are placed 
in a tank, the largest male is immediately 
dominant. This male spawns with all the fe- 
males, but if he is occupied with one female, 
another male may spawn in the opposite end 
of the tank. After frequently turning sideways, 
the largest male darts at his opponent who 
swims rapidly away. Often, the smaller male 
retreats from this rival without a chase. This 
is in contrast to Newman’s statement that in 
F. heteroclitus brilliant coloration rather than 
size determines dominance. Twice, smaller 
males were seen to defend a small area in one 
corner of the larger aquarium. In one tank, 
males and ripe females chased spent females. 
In the same experiment a ripe female occa- 
sionally bit at a male following her. Rarely, a 
ripe female may be attacked by a male if she 
is in his way when he chases another male. 

Three times we observed prolonged fights 
between males of about the same size, and we 
were able to induce contests with a mirror. 
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The males take positions parallel to each other, 
facing in opposite directions, with all the fins 
except the pectorals stiffly spread and with 
the throat area expanded. Then each makes 
abrupt dashes and nips at the caudal region of 
his opponent. The abrupt dashes start with the 
caudal bent about 90 degrees, which is similar 
to the position of this fin during the spawning 
act. In so doing, the antagonists turn in a circle, 
and the larger male always was the winner. 
There is no evidence that the male displays the 
fins in front of the female. 


CouRTSHIP AND SPAWNING 


There is little that can be called courtship 
in Fundulus notatus. Usually the male follows 
below and behind the female, although he may 
move ahead at times. Often the male wanders a 
few feet and then returns. This quiet swimming 
is in contrast to the “impetuous” chasing of 
females by the male of F. heteroclitus, as de- 
scribed by Newman. When the femaie of 
F. notatus swims slowly or stops, the male often 
moves forward or upward beneath her, with 
his head slowly moving up and down. The 
significance of this characteristic head “dip- 
ping” is unknown. It has been observed only 
when the fish are paired, and usually when the 
male is out of view of the female. Neither 
“belly flashing” of the female, nor “head 
butting” of the male, noted by Newman in 
F. heteroclitus, was observed in F. notatus. That 
the female may try to attract the male is indi- 
cated by a random observation on May 27, 
1951. Four times a female left a side pocket 
near shore to intercept groups of cruising males. 
Each time she returned with a male who fol- 
lowed her for a short time and then swam 
away. 

When the female is ready to spawn, she goes 
to some algae or other plants. The behavior 
that stimulates the male’s spawning reaction 
seems to be the close presence of a female 
beside or on top of some vegetation well below 
the surface of the water. Frequently, males 
would try to spawn with females feeding in the 
algae on the bottom of the tank, but the fe- 
males always swam away. It is obvious from 
this that the female determines the time and 
place to spawn. When the spawning position is 
assumed, both sexes rapidly vibrate for one or 
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two seconds. The throats are expanded. The 
vibration is ended with a flip of the caudal fin, 
usually by the male, which throws the single 
egg into the algae. The egg is frequently re- 
leased from the female by the vibrations, but 
it often remains attached to her by a mucous 
thread until the final flip that throws it into 
the vegetation. On several occasions, females 
that were alone in a tank laid eggs, sometimes 
assisted by another female who vibrated side 
by side with her. In this situation it is difficult 
for the female to detach the externally attached 
egg. When the female is through spawning, she 
swims rapidly to the surface. The vibrations are 
initiated either by the male or female, although 
more often the male starts the vibrations. 
According to Newman, the vibration is initiated 
only by the female in F. heteroclitus. 

By the end of the spawning season, many 
abnormal situations were observed in the 
aquaria. Twice the mating position was re- 
versed, the head of one fish placed against the 
tail of the other. Several times the male ap- 
proached his partner too high on her side, and 
although an egg was extruded it remained 
hanging from the female. Once a female was 
observed spawning by herself, although a male 
was courting her all the time. In at least four 
observations two males tried to spawn with a 
female at the same time, with one male on each 
side of the female or both males on her same 
side. 

In the spawning position (Fig. 1), the dorsal 
and anal fins of the male are folded over the 
corresponding fins of the female. The dorsal 
fin of the female may bend toward or away 
from the male. The body assumes an S-shape, 
with the caudal fin at a right angle to the body. 
The caudal fins may be bent away from or 
toward the algae. In contrast to F. heteroclitus, 
the bodies are separated anteriorly and the 
pectoral fins maintain balance. The pelvics of 
the male are either pressed against the female’s 
body or against his own body (based on five 
observations). Neither the dorsal, anal nor 
pelvic fins were hooked under the correspond- 
ing fins of the female, as Newman reported 
for F. heteroclitus. The fish spawned sideways 
against the plants or sideways down onto the 
plants at the bottom. In the only instance of 
spawning observed in the field, one female 
spawned 30 times in twenty minutes in the 
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Fig. 1. Spawning act of Fundulus notatus 
against a mass of algae. Arrow indicates an egg. 
Diagrammatic inset is 1 cross section to show the 
position of the dorsal and anal fins. 


center of her area with her side turned down 
or side-ways onto a patch of Chara and other 
algae. Three males were involved separately 
in the process. 

In the laboratory, eggs were readily eaten 
by the females and non-dominant males. The 
dominant male slowed this process somewhat 
by chasing males and by trying to spawn with 
females when they went down to the algae to 
eat the eggs. Because of a shortage of food 
and/or space in the aquaria, females frequently 
fed on the bottom in the algae. Under natural 
conditions, the eggs are not likely to be eaten 
for at least three reasons: (1) the adults are 
well scattered over a wide area and probably 
do not find many eggs; (2) if the female found 
the eggs, a male would try to mate with her 
and she would swim away; and (3) perhaps 
most important of all, the fish feed almost 
exclusively at the surface in nature. 

There is some evidence that the females 
lay 20 to 30 eggs individually over a short 
period and then wait, perhaps several days, 
until more eggs ripen. The appearance of the 
ovary and the one observation in the field 
indicate this. Females brought into the labora- 
tory laid eggs. within a few hours, but the re- 
maining eggs in the ovary did not enlarge 
and ripen. 


SUMMARY AND COMPARISON OF THE BREEDING 
BEHAVIOR OF 
Fundulus notatus AND F. heteroclitus 


E Traits that the two species have in common 
are as follows: 


1. The males have elongate anal and dorsal fins, 
an extensive blue sheen, prominent vertical 
bars, and brilliant pigmentation. 
They breed over a period of three to four 
months, 
They have a definite migration. 
e males maintain a loosely delimited terri- 
tory. 
In a mixed aquarium group one male becomes 
dominant. 
The fighting posture is similar. 
Occasionally females attack males. 
There is little courtship. 
When in pairs, the male follows slightly below 
and behind the female. 
When the female goes to the bottom against 
an object, this stimulates the male to attempt 
to spawn with her. 
11. They eat their eggs in aquaria. 


Traits in which the two species differ are as 
follows: 


1. No contact or pearl organs appear in F. notatus. 

2. F. notatus exhibits “head dipping,” whereas F. 
heteroclitus exhibits “belly flashing” and “head 
butting.” 

3. A final flip, which throws the single egg d 
into the plants, follows the vibration in F. 
notatus, but apparently does not take place in 
F. heteroclitus when laying eggs in the mud. 

4, Although the spawning position is generally the 
same in both species, the male of F. notatus 
folds his fins over, rather than hooks them 
under, the corresponding fins of the female. The 
head regions of the male and female in F. 
notatus are not in contact as in F. heterochitus. 

5. In F. heteroclitus, the anal fin is used for support 
during spawning. In F. notatus, the body against 
the oleate and the pectoral fins are used for 
support. 

6. F. notatus lays a single egg at a time, whereas F. 
heteroclitus apparently deposits more than one, 
although this is not clearly stated in Newman’s 
paper. 


Other characteristics of F. notatus are as 
follows: 


1. Females have a small oe close to shore 
within a, wide range, which is used to escape 
from males and sometimes is defended against 
lone females. 

2. Both the male and female may vibrate inde- 

ndently. 

3. Individuals of two pairs frequently change 
partners. 


We wish to express our gratitude to Reeve M. 
Bailey, Robert R. Miller, and Carolyn P. Winn 
for many valuable suggestions in the prepara- 
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tion of the manuscript. William Brudon helped 


plan and ink the figure. 
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A Rediscovered Cyprinid Hybrid from Western Montana, 


Mylocheilus caurinum X Richardsonius balteatus balteatus 


GEORGE F. WEISEL 


URING the explorations and surveys 
made in 1853-5 to ascertain the most 
practicable route for a railroad to the Pacific, 
one of the naturalists collected a cyprinid near 
Fort Vancouver, Columbia River, that was 
subsequently described and given the name of 
Cheonda cooperi by Charles Girard (1856: 207). 
The only known specimen of the type species 
of Cheonda is deposited in the U. S. National 
Museum (USNM No. 238), Besides the original 
report by Girard, this fish was described also 
by Suckley (1860: 362-63), illustrated in the 
same volume (Plate LXIII, figs. 1-5), and by 
Jordan and Evermann (1896; 236). 

Although the fish fauna of the lower Co- 
lumbia River has been studied extensively 
since Girard’s time, no fish closely resembling 
Cheonda cooperi has been taken. Schultz and 
Schaefer (1936: 8-10) had further measure- 
ments made of the specimen in the National 
Museum and concluded that it must be a 
hybrid between Mylocheilus caurinum and 
Richardsonius balteatus balteatus. Miller (1945: 
104) examined the fish later and agreed with 
them. 

Nearly a hundred years after the unique 
“Cheonda cooperi’”’ was taken, another one was 
captured in the upper reaches of the Columbia 
River (PI. I). This fish was caught in a gillnet 
set by Royal B. Brunson and Richard G. 
Bjorklund at about 10 meters depth off the 
south point of Yellow Bay, Flathead Lake, 
Montana, in the summer of 1952. Dr. Brunson 
has since made many collections in Flathead 
Lake, but no new specimens of the hybrid 
have been taken. I agree with Schultz and 
Schaefer that it must occur rarely. We netted 


another intergeneric hybrid, Mylocheilus cauri- 
num X Ptychocheilus oregonense, from -the 
lake with remarkable frequency (Weisel, in 
press). 

Our specimen of the rediscovered hybrid 
closely resembles the early descriptions of 
Cheonda cooperi, and except for greater body 
depth and narrower caudal peduncle, it is very 
like the illustration of this fish in Suckley’s 
report. It also conforms in most respects to 
the measurements and counts given by Schultz 
and Schaefer. They expressed lengths in hun- 
dredths of the standard length. With their 
figures in parentheses, the comparison of the 
two fish is as follows. Standard length, 185 
(172); length of head, 23.7 (24.0); diameter of 
eye, 5 (5); length of snout, 7.0 (7.4); length 
of lower jaw, 6.8 (8.7); greatest depth of body, 
27.5 (24.2); least depth of caudal peduncle, 
8.3 (8.2); number of anal rays, 2-1044 (2- 
1114); dorsal rays, 2-734 (3-814); pelvic rays, 
1-9 (1-9); scales in lateral line to end of hy- 
pural plate, 64 (63); scales below lateral line, 
10 (7); scales above lateral line, 12 (12). 

The length of the jaw and the number of 
scales below the lateral line present the only 
significant data not in accord. Our specimen 
seems to have a much smaller mouth, not only 
when compared in measurement, but also when 
compared with Suckley’s illustration. It has 
more scales below the lateral line than the 
holotype. However, I find a higher count for 
this character in Mylocheilus and Richard- 
sonius than given by Schultz and Schaefer 
for the same species. 

There is little doubt that our specimen is a 
hybrid between M. caurinum and R. balteatus. 


= 
3 
— 


and 
llied 
CO, 
OF 
the 
in 
rid 
of 
ody 
ery 
to 
un- 
heir 
the 
185 
r of 
gth 
dy, 
cle, | 
| 
LYS, 
hy- 
ine, 
of 
nly 
nen 
nly 
hen 
has 
the 
for 
wd- 
efer 
is a 
tus. 


Prate I COPEIA, 1954, NO. 4 


Above. Mylocheilus caurinum, 195 mm. in standard length. 

Middle. Hybrid, Mylocheilus caurinum X Richardsonius balteatus balleatus, from Flathead 
tana, 185 mm. in standard length. 

Below. Richardsonius balleatus balleatus, 85 mm. in standard length. 
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Only one fish of its kind has been taken al- 
though extensive collections have been made 
in the area; both parental species are abundant 
in the lake; and it is intermediate in most char- 
acters that contrast the assumed parents. 
Besides the two parental species, the only other 
cyprinid that inhabits Flathead Lake is Pty- 
chocheilus oregonense. We have already found 
and described hybrids of M. caurinum X 
P. oregonense from this lake and of P. orego- 
nense X R. balteatus from a warm spring in 
the same drainage (Weisel, in press). The 
specimen is quite unlike these hybrids or any 
known valid species of cyprinid. 

In a series of papers, Hubbs and coauthors 
(1932-53) have demonstrated that hybrids 
are intermediate in the majority of characters 
that differentiate their parental species. When 
put to this test, our identification of the hybrid 
is confirmed. 

The comparisons that follow deal mostly 
with characters that are measurably unlike in 
the two reputed parents. These are of primary 
importance in identifying the hybrid. However, 
characters that are alike in the two parents are 
of definite significance and should not be neg- 
lected. Theoretically, most of these characters 
in the hybrid should come within the ranges set 
by its parents. Counts and measurements in 
which Mylocheilus, Richardsonius, and their 
supposed offspring are not significantly dis- 
similar include numbers of rays in the pelvic 
fin, in the pectoral fin, and in the caudal fin, 
width of isthmus, internarial width, interorbital 
width, depth of caudal peduncle, and length 
from snout to origin of anal fin. 


COMPARISON OF THE HyBRID WITH ITS 
PUTATIVE PARENTS 


Unless otherwise indicated, counts and 
measurements were made according to proce- 
dures outlined by Hubbs and Lagler (1947: 
8-15). Ten adults of each parental species from 
Flathead Lake were used in all calculations. 

S1zE AND Cotor.—In general body form, the 
Columbia River chub, M. caurinum, is a more 
slender and terete fish than the rather deep, 
somewhat compressed redside shiner, R. bal- 
teatus. The hybrid resembles the shiner most in 
this respect. The proportionate measurement 
of greatest body depth to standard length 
shows the hybrid to be much deeper than 


chubs but only slightly less so than shiners 
(Table I). 

Mature chubs range from 165 to 285 mm. 
in standard length. Adult shiners are 60 to 
110 mm. long. The largest shiner recorded for 
the upper Columbia drainage is 113 mm. 
(Weisel and Newman, 1951: 188). The hybrid 
with a standard length of 185 mm. can be 
considered intermediate in size. 

Both of the parental species are brightly 
colored for cyprinids. The chubs possess two 
dusky lateral stripes separated from each other 
and from the dark dorsum by narrow light 
bands. The dorsal stripe continues from the 
operculum to the caudal base, and the ventral 
one to above the origin of the anal fin. There 
is a blotch of red at the angles of the jaw and 
lighter red along the cheek, around the base 
of the pectorals, and on the side of the body 
for a varying distance. The shiners have but 
one dark lateral stripe that follows the lateral 
line and is more intensified posteriorly. They 
have a striking bright-red wash just behind the 
operculum, at the base of the pectorals, and 
as a band narrowing towards the anal fin. A 
metallic gold half-moon is located below the 
eye and the same color is evident on the sides 
below the lateral line. The hybrid gives the 
impression of resembling the shiners more than 
the chubs in color (Pl. I). Just above the 
lateral line is a dark stripe that continues from 
the posterior margin of the operculum to the 
caudal base. It is separated from the dark olive 
back by a light tan band. A red wash is evident 
around the pectoral base and on the preopercu- 
lum, but there are only a few erythrophores at 
the angles of the jaw. There is also a gold tinge 
to the operculum. The chin, throat, lower 
sides, and belly are a cream color. The hybrid 
has no melanophores on the lower jaw, but does 
have a few on the posterior parts of the upper 
jaw. For this particular color pattern in the 
parents, shiners have melanophores on both 
jaws whereas they are lacking on the jaws of 
the chubs. 

Heap.—Proportionately, the head of chubs 
is shorter than that of the shiners, the snout 
longer, and the jaw and eyes are smaller. The 
hybrid is intermediate in these characters 
(Table I). The chub’s jaw reaches only to 
below the internarial septum, is not oblique, 
and is overhung by the snout. A curved crease 
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TABLE I 
PROPORTIONATE MEASUREMENTS OF THE HYBRID, 
Mylocheilus caurinum X Richardsonius balteatus, 
AND THE PARENTAL SPECIES 


Ten of each parental form were measured. The ranges are 
listed for each item, and the averages appear below 
these in parentheses 


M, 


R. 
Character Hybrid baltectus 


Standard length,mm. 172-256) 185.0 | 73-93 
(200.4) (82.0) 
Standard length 3.9-4.8| 3.63 |3.4-3.6 
Depth (4.48) (3.49) 
Standard length 4.1-4.4) 4.20 |3.9-4.1 
Head (4.27) (4.03) 
Standard length 1.8-2.0] 1.78 |1.6-1.7 
Snout to dorsal origin (1.93) (1.65) 
Standard length 2.4-2.7| 2.89 |3.5-3.8 
Posterior dorsal base to | (2.56) (3.62) 
caudal origin! 
Standard length 4.9-6.2) 5.96 |6.5-8.0 
Posterior anal base to (5.43) (72) 
caudal origin 
Standard length 1.8-1.9] 1.96 |2.0-2.1 


Snout to pelvic origin (1.88) (2.04) 


Standard length 1.9-2.0} 1.94 |1.7-1.9 
Pelvic origin to caudal (1.93) (1.83) 
origin 
Head 5.0-5.6] 4.63 |3.2-3.5 
Orbit (5.37) (3.37) 
Head 3.84.4] 3.52 |2.8-3.3 
Jaw length (4.09) (2.98) 
[Head 2.9-3.2| 3.38 |3.5-4.0 


(3.07) (3.73) 


1 The caudal origin is taken as that point where the lat- 
eral line intersects the crease formed at the origin of the cau- 
dal when the fin is flexed. 


Snout to eye 


runs anteriorly and dorsally from the angle of 
the jaw. All of the Mylocheilus have a small 
but well defined barbel near the tip of each 
maxillary. The jaw of shiners, on the other 
hand, reaches to below a point between the 
nares and the orbit, or as far posterior as the 
orbit. The mouth is oblique, is not overhung 
by the snout, and lacks the crease and barbels 
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present in chubs. The hybrid’s jaw reaches to 
between the nares and the orbit, is slightly 
oblique, barely overhung by the snout, and 
has a poorly developed crease running forward 
from the angle of the jaw. This intermediacy 
is evident even for the barbels, for there is a 
small one on the right maxillary tip only. 

PosITION OF DoRSAL AND PEtvic Fins.— 
The dorsal fin of the chub is slightly anterior 
in position compared to that of the shiner 
(Table I). In two proportionate measurements, 
from the snout to the origin of the dorsal and 
from the posterior base of the dorsal to the 
hypural plate, the hybrid shows intermediacy. 

The pelvics of the chub are a little more 
posterior than in the shiner. This and the 
anterior position of the dorsal place the origin 
of the pelvics just posterior to a vertical line 
from the origin of the dorsal. In comparison, 
the pelvics of shiners are well anterior to the 
dorsal’s origin, and those of the hybrid are 
barely anterior. 

SCALES AND Fin Rays.—There is no marked 
difference in the appearance of scales from 
chubs and shiners. The number of radii vary 
greatly in both and are on the posterior field 
only. The hybrid’s scales are similar. They 
possess two clear annuli. 

As to numbers of scales, the chubs have 
higher counts than shiners in all rows except 
that before the dorsal, in which count there is 
some overlap in the two species (Table II). 
The scale-row counts on the hybrid are inter- 
mediate. The lateral-line count is almost 
exactly so. 

The lateral line of chubs is only slightly de- 
curved, and this is from the operculum to 
below the origin of the dorsal. In shiners the 
line is decurved more gradually and the curved 
portion reaches to below the posterior base of 
the dorsal. The hybrid’s lateral line is more 
abruptly curved than in shiners but not so 
much so as in chubs, and it straightens at a 
point below the middle of the dorsal. 

Almost invariably, Mylocheilus has 8 rays in 
both its dorsal and anal fins, whereas Richard- 
sonius from Flathead Lake has 10-11 in the 
dorsal and 15-18 in the anal. The hybrid 
possesses 8 rays in the dorsal, but the anal 
number of 11 gives it a higher count than chubs, 
yet fewer than shiners. I have counted the anal 
rays of 943 R. b. balteatus and none had as few 
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as 11 anal rays and only one had as low as 12. 
The mean was 15. 

PHARYNGEAL TEETH AND GILLRAKERS.—In 
47 sets of pharyngeal arches examined from 
chubs, 36 had the dental formula of 1,5-5,1; 
6 had 1,4-5,1; 2 had 1,4-5,0; and there were 
one each with 1,5-4,1, 1,5-5,0, and 1,5- 
6,1. In adult chubs the dorsal teeth of the 
inner row are of the molar type. Shiners gener- 
ally have the formula of 2 ,5-4,2 and the teeth 
are sharp and slightly hooked. The hybrid’s 
tooth count is 2,5-5,2. The teeth, especially 
the dorsal ones of the inner row, are sharp and 
hooked. None of them has a grinding surface. 

The gillrakers of both chubs and shiners are 
small and liable to be obscured with soft tissue 
and mucus. For a more accurate count, the 
first arch on the left side of each fish was re- 
moved and dried. Inasmuch as the number of 
rakers in the anterior and posterior rows gen- 


TABLE II 


Menristic CHARACTERS OF THE Hysrip, Mylocheilus 
caurinum X Richardsonius balteatus, 
AND THE PARENTAL SPECIES 


Counts were made on ten of each parental form. The ranges 
for each item are listed, and the averages appear 
below these in parentheses 


Character Hybrid 
Scale rows: 
Total in lateral line... .| 70-79 58-61 
(75.5)| 68 | (59.9) 
Above lateral line...... 14-15 11-13 
(14.3)} 12 | (12.1) 
Below lateral line...... 10-12 
(10.7); 10 | (8.6) 
Before dorsal.......... 37-44 41-50 
(39.6)| 39 | (46.2) 
8 8 | (10.2) 
8 11 | (16.1) 
Gillrakers on first arch: 
Upper limb anterior row | 2-3 1-2 
(2.8) 3 | (1.9) 
Lower limb anterior row} 6-9 5-6 
(7.9) & | 6s) 
Upper limb posterior 2-4 0-3 
Lower limb posterior . 9-11 7-9 
(10.1)| 10 | (7.4) 


erally are not the same, both rows were taken 
into account (Table II). There is a definite 
tendency for chubs to have more rakers than do 
shiners, in both rows and in the upper limb of 
the arch as well as in the lower. The hybrid 
raker formula is3 + 8 for the anterior row and 
4 + 10 for the posterior row which places it 
in the upper ranges of Mylocheilus. The dried 
gillrakers of the hybrid and of the two parental 
species are similar in size and shape. They are 
sharp, slightly hooked, weak, and probably 
somewhat deciduous. 

ACKNOWLEDGMENTS.—I am indebted to Dr. 
Robert R. Miller of the University of Michigan 
for bringing the literature on Cheonda cooperi 
to my attention, and to Dr. Royal B. Brunson 
of the University of Montana for collecting 
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; Pleistocene Fishes of the Berends Fauna of Beaver County, 
: Oklahoma 


C. Lavetr Smite 


URING the past few years intensive work 
: in southwestern Kansas and northwestern 
i Oklahoma has yielded a series of vertebrate 
: faunas which give us considerable information 
2 about the climate of the Great Plains during 


Pliocene and Pleistocene times. From Fleisto- 
cene deposits there have been recovered a suc- 
cession of cool and warm faunas which can be 
: tentatively correlated with glacial advances 
fs and retreats (Hibbard, 1953). Most of these 
: faunas are predominantly mammalian. The 
Berends fauna is the first large fish fauna that 
: has been recovered from Pleistocene deposits 
: anywhere in the United States and it contains 
enough species to enable the zoogeographer to 
establish both northern and southern limits of 
{ the comparable Recent fauna. 
5 The first published report on the Berends 
fauna was that of Rinker and Hibbard (1952), 
_in which they described a new beaver and listed 
several other associated vertebrates. This paper 
was based upon material collected prior to and 
eB during the summer of 1951. In 1952, Dr. C. W. 
Hibbard again visited the area, accompanied 
; by Michael O. Woodburne, William G. Melton 
2 Jr., and the author, and collected from surface 
exposures additional fish remains and a jaw of 
the vole Microtus pennsylvanicus (Ord). During 
the summer of 1953 the University of Michigan 
Museum of Paleontology field party, under Dr. 
Hibbard’s direction, worked the deposits using 
the washing technique described by Hibbard 
(1949). A little more than one and one-half 
tons of the matrix was washed and from this 
amount most of the material described in this 
paper was recovered. 


This fauna takes its name from the Berends 
sand draw along which the deposits are ex- 
posed; it was referred to as the “Unnamed 
fauna (Illinoian?)” by Hibbard (1953: 389). 
The fauna consists of abundant remains of 
mollusks (D. Taylor, 1954) and vertebrates. 


Tue BERENDS Fish FAUNA 

The exposures from which the fossils were 
collected lie in the southeastern corner of Sec. 
6, TSN, R28ECM, near the Gate Ash Pit, 414 
miles north and nearly 1 mile west of Gate, 
Beaver County, Oklahoma. The material is 
considered to be comparable to the lower part 
of the Kingsdown formation and is referred 
to the Illinoian? glacial stage of the Pleistocene 
by Rinker and Hibbard (1952: 99), The matrix 
consists of sand and sandy silts, dark to ash 
grey and buff in color. These sediments were 
laid down in a lake that filled one of the large 
sinks that developed as a result of the collapse 
of some of the underlying Permian beds. This 
lake was probably populated by fish at a time 
when it was connected with the early Cim- 
maron River. 

All specimens are deposited in the University 
of Michigan Museum of Paleontology (UMMP). 
The drawings are by the author. 


CLASS OSTEICHTHYES 


LEPISOSTEIDAE 
Lepisosteus sp. 
(Fig. 1 A, D) 
Referred material: UMMP No. 31150, 1 
scale 12.4 mm. in length and 5.3 mm. in maxi- 
mum width. 
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Because of the great variation in gar scales, 
depending on the age of the fish, position on the 
body, etc., it does not seem possible to identify 
this scale to species. The present-day distribu- 
tion of the family is in warm-temperate and 
tropical America. The genus reaches its northern 
limit in the upper Missouri valley of Montana 
and North Dakota, the Red River of the North 
in North Dakota and Minnesota, the upper 
Mississippi valley in Minnesota and Wiscon- 
sin, the Great Lakes drainage other than Lake 
Superior, and in the St. Lawrence River drain- 
age to Quebec and Vermont. Gars are found 
southward to the Lake Nicaragua basin, Cen- 
tral America (Miller, 1954). They occur chiefly 
in larger streams and lakes. 


EsocipAE 
Esox masquinongy Mitchill 
(Fig. 1 B - C) 


Referred material: UMMP Nos. 31151-52, 
3 complete teeth and a fragment of a fourth, 
measuring 11.5 mm., 7.7 mm., 3.3 mm. and 9.9 
mm. 

These teeth are identified on the basis of 
their shape. They are blunter and more com- 
pressed than are those of the other large 
esocids. In its Recent distribution the muskel- 
lunge is the most restricted of all of the forms 
found in the Berends fauna. It now occurs from 
Lake Champlain and the St. Lawrence River 
north to Lake Abitibi, west to Lake of the 
Woods, south to Iowa, Illinois, and Indiana, 
and in the Ohio and Tennessee River basins 
from western New York to North Carolina 
and Tennessee. The muskellunge usually in- 
habits lakes and quiet, clear rivers. 


Fig. 1. Scales and teeth of Lepisosteus and 
Esox. A, Internal surface of scale of Lepisosteus 
sp. (UMMP No. 31150). D, External surface of 
same. B, Lateral surface of tooth of Esox mas- 
quinongy (UMMP No. 31152). C, Anterior 
surface of same. 


Fig. 2. Remains of Catostomus commersoni. 
A, Antero-lateral surface of left pharyngeal arch 
(UMMP No. 31161). B, Postero-medial surface 
of same. C, Dorsal view of mesethmoid (UMMP 
No. 31160). 


CATOSTOMIDAE 


Catostomus commersoni (Lacépéde) 
(Fig. 2) 

Referred material: UMMP No. 31159 (part), 
2 opercular fragments; UMMP No. 31159 (part), 
1 large fragment of parasphenoid; UMMP No. 
31160, 1 nearly perfect mesethmoid; UMMP No. 
31161 and 31159 (part), 6 pharyngeal-arch 
fragments. 

All of these bones agree very closely with 
the corresponding structures of the Recent 
white sucker. The species is now found from the 
upper Mackenzie River basin to the Labrador 
Peninsula and southward to the Saluda River 
in South Carolina. In the Mississippi River 
drainage it occurs south to the Tennessee River 
system and in the uplands of northern Arkansas 
and northeastern Oklahoma. It is absent south 
of north-central Kansas but westward it 
inhabits the headwaters of the Arkansas, Cana- 
dian and Pecos rivers. According to Reeve 
M. Bailey, the limiting factor in its distribution 
is probably the presence of suitable gravel areas 
for spawning. White suckers are found in both 
clear and turbid waters. 


CyYPRINIDAE 


Four species of minnows are represented in 
the collection but the material is so fragmentary 
that the identifications given are tentative 
only, pending the collection of additional 
fossils. Although cyprinid pharyngeal teeth 
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Fig. 3. Pharyngeal teeth and arches of Cyprinidae. A, Ventral view of pharyngeal arch of Semotilus 
cf. atromaculatus (UMMP No. 31155). B, Dorsal view of arch of ?Semotilus sp. (UMMP No. 31145). 
C, Ventral view of right arch of Nolemigonus crysoleucas (UMMP No. 31149). D, Dorsal view of same. 


have been commonly used as taxonomic char- 
acters, most of the emphasis has been placed 
upon the number and arrangement of the teeth 
rather than on the character of the arch itself. 
Moreover, pharyngeal teeth are highly adap- 
tive and probably reflect food habits more than 
they do phylogeny. 

The terminology used here is that of Chu 
(1935: 83-5). 


Notemigonus crysoleucas (Mitchill) 
(Fig. 3 C - D) 

Referred material: UMMP No. 31149, 1 
right pharyngeal arch, lacking the posterior 
edentulous process; UMMP No. 31148, 1 
right dentary. 

The pharyngeal arch has five teeth in the 
inner row and none in the outer; three of the 
five teeth are complete. Following are the 
measurements of the specimen in mm.: Length 
of anterior limb, 3.1; length of anterior edentu- 
lous process, 1.7; length of pharyngeal arch 
4.0; and width of pharyngeal 1.3. The dentary 
has a maximum length of 6.3 mm. and is 1.2 
mm. deep at the symphysis. 

The golden shiner now ranges from the 
southern half of Lake Winnipeg eastward to 
New Brunswick and south to Texas. It is 
usually found in lakes, ponds, and sluggish 
streams, where vegetation is moderate or 
abundant. 


Semolilus cf. atromaculatus (Mitchill) 
(Fig. 3 A) 


Referred material: UMMP No. 31155, 1 
fragment of left pharyngeal arch. 

Only the most anterior tooth is left on the 
pharyngeal and identification is made on the 
basis of the shape of this tooth and of the arch 
itself. The anterior edentulous process is 4.7 
mm. long and the tooth is 3.9 mm. in length. 
Creek chubs are today found in rather small 
clear streams from Montana and the Red River 
of the North east to the Gaspé Peninsula, and 
south on both sides of the Appalachians to 
northern Florida and eastern Texas. The species 
also occurs in the Ozark uplands and in the 
headwaters of the Arkansas and Pecos rivers 
of Colorado and New Mexico. Like the white 
sucker, the limiting factor is probably suitable 
spawning conditions. 


?Semotilus sp. 
(Fig. 3 B) 

Referred material: UMMP Nos. 31145-46, 2 
fragmentary right pharyngeal arches. 

These remains do not seem to agree with 
comparable parts of any minnow of eastern 
United States. The smaller arch is quite frag- 
mentary but the larger one (No. 31145) lacks 
only the posterior edentulous process. The 
pharyngeal bone is heavy like that of Semo- 


Fig. 
young i 
larger i 
large sf 
urus p 
31167). 


tilus at 
proces: 
head | 
dental 
the la 
Lengtl 
edentu 
bone, 

length: 
22, 
in the. 
materi 
name | 


The 
phary1 
minno 
the ab 
lost ar 


distal 


284 
VR A 


Fig. 4. Skull bones and pectoral spines of Jcfalurus. A. Dorsal view of supraoccipital, 6.7 mm., of a 


young individual of Ictclurus melas (UMMP No. 31165). 


B, Dorsal view of supraoccipital, 10.9 mm., of a 


larger individual of Ictalurus melas (UMMP No. 31164). C, Dorsal view of supraoccipital, 18 mm., of a 
large specimen of Ictalurus melas (UMMP No. 31163). D, Portion of pectoral spine, 5 mm. long, of Icta- 
lurus punctatus (UMMP No. 31156). E, Left pectoral spine, 20 mm., of Jctalurus melas (UMMP No. 


31167). 


tilus atromaculatus, but the anterior edentulous 
process is very short, which suggests that the 
head may have been short and broad. The 
dental formula is -4,2. The measurements of 
the larger specimen (in mm.) are as follows: 
Length of anterior limb, 6.0; length of anterior 
edentulous process, 2.8; width of pharyngeal 
bone, 2.4; length of pharyngeal bone, 8.6; 
lengths of remaining teeth in the inner row, 
2.2, 2.4, and 2.9; and length of remaining tooth 
in the outer row, 1.6. In the absence of sufficient 
material, it would be unwise to assign a new 
name to this form. 


Incertae sedis 
There is one additional fragment of the 
pharyngeal bone (UMMP No. 31147) of a 
minnow which is not conspecific with any of 
the above cyprinids. All of the teeth have been 
lost and I am unable to make an identification. 


IcTALURIDAE 
Ictalurus punctatus (Rafinesque) 
(Fig. 4 D) 
Referred material: UMMP No. 31156, 1 
distal half of a pectoral spine. 


The spine is that of a small individual, prob- 
ably about 45 or 50 mm. in standard length. 
The fragment is 5 mm. long. Comparison with 
Recent specimens of appropriate size from the 
University of Michigan Museum of Zoology 
(UMMZ) fish collection reveals that this is 
I. punctatus (Rafinesque) and not Ictalurus 
furcatus (LeSueur). The channel catfish is 
found in lakes and rivers from northeastern 
México (Rio Panuco basin) north to the north- 
ern end of Lake Huron, and from Cumberland 
Lake in Saskatchewan east to the St. Lawrence 
drainage of Quebec. 


Tctalurus melas (Rafinesque)! 
(Fig. 4 A -C, E) 

Referred material: UMMP Nos. 31167-68, 
260 pectoral spines (lengths of complete spines 
range from 7 to 19.6 mm.); UMMP No. 31169, 
22 dorsal spines (lengths of complete spines 
5.5-20 mm.); UMMP No. 31181 (part), 6 
hypohyals; UMMP No. 31181 (part), 20 
epihyals; UMMP No. 31181 (part), 20 cerato- 
hyals; UMMP No. 31183, 11 urohyals; UMMP 


1In rejecting the name Ameiurus for the genus of the 
bullheads I am following William Ralph Taylor (in press). 
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No. 31180, 6 parasphenoid fragments; UMMP 
No. 31182, 6 post-temporals; UMMP No. 
31178, 16 frontals; UMMP No. 31170, 1 
dermethmoid; UMMP No. 31179, 18 oper- 
cula; UMMP No. 31176, 16 hyomandibulars; 
UMMP Nos. 31163-66, 8 supraoccipitals; 
UMMP No. 31171, 8 premaxillaries; UMMP 
No. 31172, 40 dentaries; UMMP No. 31173, 29 
articulars; UMMP No. 31174, 14 quadrates; 
UMMP No. 31175, 133 cleithra; UMMP No. 
31177 (part), 12 basi-occipitals; UMMP No. 
31177 (part), 18 fragments of Weberian appara- 
tus; UMMP No. 31157, numerous miscella- 
neous fragments. 

The black bullhead is the most common 
species in the Berends fauna. Its Recent dis- 
tribution is from the Lake Ontario drainage of 
western New York and southern Ontario west 
to Wyoming and southward to Texas and the 
Gulf coast. It is the most common bullhead of 
the plains region and is found in ponds and 
streams. 


CENTRARCHIDAE 


Lepomis cf. cyanellus Rafinesque 
(Fig. 5 A- C, F, G) 

Referred material: UMMP No. 31144, 4 
parasphenoids; UMMP No. 31141, 12 dentary 
fragments; UMMP No. 31137-38, 4 articulars; 
UMMP No. 31143, 1 cleithrum; UMMP Nos. 
31135-36, 14 maxillaries; UMMP No. 31142, 
9 premaxillaries; UMMP Nos. 31139-40, 11 
lower pharyngeal bones. 

The green sunfish, like the black bullhead, 
still occurs in the Oklahoma panhandle. This 
species is characteristic of slow-moving parts 
of creeks and lakes and is found from Wyoming 
and South Dakota through Minnesota, Wis- 
consin, and rarely in the Upper Peninsula of 
Michigan, through southern Ontario to western 
New York. It ranges south to southern Ala- 
bama, northeastern México, and New Mexico. 


PERCIDAE 


Perca flavescens (Mitchill) 
(Fig. 6 B - D) 

Referred material: UMMP No. 30721, 1 
hyomandibular; UMMP No. 31130, 4 basi-oc- 
cipitals; UMMP Nos. 29008, 30722-24, 79 pre- 
opercles; UMMP No. 31133, 1 parasphenoid; 
UMMP No. 31132, 7 postemporals; UMMP 
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No. 31131, 4 vomers; UMMP No. 31119, 5 
articulars; UMMP No. 31125, 6 quadrates; 
UMMP No. 31128, 10 premaxillaries; UMMP 
No. 31126, 24 ceratohyals, UMMP No. 31127, 
6 maxillaries; UMMP No. 31124, 1 superior 
pharyngeal; UMMP No. 31120, 15 dentaries; 
UMMP No. 31123, 29 cleithra; UMMP No. 
31121, 4 subopercles; UMMP No. 31122, 1 
interopercle; UMMP No. 31134, 35 opercles; 
UMMP No. 31129, 20 supracleithra. 

The single hyomandibular differs in several 
respects from the hyomandibular of Recent 
material of Perca flavescens (Fig. 6A). The 
lateral vertical keel is much higher than that 
of any of the more than forty specimens that 
have been examined. Moreover, this keel 
crosses the vertical axis of the hyomandibular 
at a more obtuse angle in the fossil and it leans 
forward in this specimen but is nearly vertical 
in the Recent perch. However, since these 
distinctions in the hyomandibular are not 
supported by differences in the other bones now 
available, it seems likely that the specimen at 
hand is abnormal. 

Perca flavescens today ranges from Lesser 
Slave Lake of the Mackenzie basin and the 
Hudson Bay drainage of west-central and 
eastern Canada, south to the northern parts 
of Missouri, Illinois, Indiana, Ohio, and western 
Pennsylvania. It is found on the Atlantic slope 
from New Brunswick to South Carolina. The 
yellow perch inhabits lakes and slower parts of 
streams. 


SCIAENIDAE 


Aplodinotus grunniens Rafinesque 
(Fig. 5 D - E) 


Referred material: UMMP Nos, 31153-54, 3 
inferior pharyngeal bones. 

Two of the specimens are nearly perfect and 
the other is quite fragmentary. The two com- 
plete specimens measure 4.0 mm. by 3.9 mm. 
and 3.9 mm. by 3.8 mm. in major dimensions. 
All three are from small individuals about 70 
or 80 mm. in standard length. 

The Recent distribution of the freshwater 
drum is from the basin of the Rio Usumacinta, 
along the boundary of México and Guatemala, 
to Lake Winnipeg and Lake Abitibi in Canada. 
The species usually inhabits lakes and larger 
rivers. 
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Fig. 5. Skeletal remains of Lepomis and A plodinotus. A, Lateral view of left articular of Lepomis cf. 
cyanellus (UMMP No. 31137). B, Medial view of left maxillary of Lepomis cf. cyanellus (UMMP No. 
31136). C, Dorsal view ofsame. D, Dorsal view of left lower grea of A plodinotus grunniens (UMMP 


No. 31154). E, Ventral view of same. F, Ventral view of lower pharyngeal of Lepomis cf. cyanellus 
(UMMP No. 31139). G, Dorsal view of same. 


Fig. 6. Bones of Perca flavescens. A, Lateral view of left hyomandibular of Recent specimen (UMMZ 
No. 126220). B, Lateral view of left hyomandibular of fossil (UMMP No. 30721). C, Lateral view of 


Po preopercle of fossil (UMMP No. 30724). D, Lateral view of fragment of left preopercle of fossil 
(UMMP No. 30722). 
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ASSOCIATED VERTEBRATES 


In addition to the species previously listed 
from the fauna (Rinker and Hibbard, 1952), 
the following species of mammals were col- 
lected in the summer of 1953: Sorex cf. cinereus 
Kerr; Blarina cf. brevicauda (Say); Geomys 
sp.; Ondaira sp.; Microtus pennsylvanicus 
(Ord); and Microtus ochrogaster (Wagner). 


SIGNIFICANCE OF THE BERENDS FAUNA 


Of the ten identifiable species in the Berends 
fauna, only two, Ictalurus melas and Lepomis 
cyanellus, are found in that region today. 
Notemigonus crysoleucas and A plodinotus grun- 
niens are widespread and range from the Gulf 
of Mexico, and Guatemala, respectively, north 
some distance into Canada. Lepisosteus sp. 
and Ictalurus punctatus are not found north 
of Lake Huron, southern Manitoba, or southern 
Ontario, although they are common south to 
the Gulf of Mexico and in northern México. 
Semotilus atromaculatus and Catostomus com- 
mersoni are most abundant in the northern part 
of North America, but they are found some 
distance south of the Oklahoma panhandle. 
Their absence from the immediate vicinity of 
the Berends fauna is explained by the lack of 
suitable spawning areas, although such gravel 
beds were available to them during glacial 
times. Perca flavescens is the species that most 
closely restricts the southern limit of the 
fauna, for it is not found south of northern 


Fig. 7. Map showing the region where all 
species found in the Berends fauna now occur 
together (shaded area). The black dot in the 
Oklahoma panhandle indicates the locality of the 
Berends fauna. 
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Missouri, Illinois, Iowa, northern Ohio and 
western Pennsylvania. Esox masquinongy occurs 
in the Tennessee River basin but west of the 
Mississippi it has not been reported south of 
central Iowa. Figure 7 shows where all of these 
species occur together today. The climate of 
the central high plains was ceol at the time of 
the Berends fauna and this is also indicated by 
the associated mollusks and by the mammals. 
Mrs. Kathryn H. Clisby reports finding spruce, 
fir, and pine pollen in samples taken in the 
summer of 1953 from the same deposits from 
which the fossils came. 


SUMMARY 


The Berends Pleistocene fauna of Beaver 
County, Oklahoma, contains abundant re- 
mains of vertebrates and mollusks. Twelve 
fishes have been identified and by superimposing 
the ranges of all of them we find that the com- 
parable present-day fauna inhabits the region 
from Minnesota to western New York and 
from the north shore of Lake Huron to central 
Iowa, central Indiana, and northern Ohio. 
The conclusion that the climate of the Great 
Plains was cooler and more moist when this 
fauna existed is borne out by other groups. The 
molluscan and mammalian fossils consist also 
of forms whose descendents or close relatives 
live in a cooler and moister climate than exists 
in that region today. Pine, fir, and spruce 
pollen have been found in the deposits from 
which the fish remains came and this supports 
the zoological evidence of climatic change. 
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Ichthyological Notes 


DISTRIBUTION OF THE AMERICAN 
CYPRINID FISH HYBOGNATHUS HANKIN- 
SONI WITH COMMENTS ON ITS ORIGINAL 
DESCRIPTION.—During recent years I have 
received repeated requests for the citation to the 
original description of Hybognathus hankinsoni. 
Confusion as to the location stems from the ap- 
pearance of that diagnosis in the work of a writer 
(Jordan) other than its true author (Hubbs), and 
a failure to specify that the treatment is, in fact, 
the proposal of a new species. In this attempt to 
clarify the situation a lectotype for the species is 
also designated and briefly described, and the distri- 
bution of H. hankinsoni is mapped and discussed. 

The first reference to the species under the present 
name (Hubbs and Greene, 1928, Mich. Acad. Sci., 
Arts and Letters, 8 (1927): 382, 389) reads as fol- 
lows: “A revision of the species of Hybognathus 
made by the senior writer, presently to be reported 
upon [this revision has not yet appeared], has dis- 
closed the fact that the form occupying most of the 
Great Lakes drainage basin is an undescribed 
species. This will be described as Hybognathus 
hankinsoni Hubbs.’? This is an obvious nomen 
nudum. At about this time Carl L. Hubbs assisted 
David Starr Jordan in the revision of the fish sec- 
tion of his final Manual of the Vertebrate Animals 
of the Northeastern United States (1929, World 
Book Co., New York, 13th ed., pp. xxxi + 446). 
On page 88 there appears the following: 


i de hankinsoni Hubbs. Head blunter color; 
rker; fins more rounded than in muchalis, and scales 
many reak, — of a few strong, radii, S, Ont. 

mn, W. to N. Dak., Colo., om Mo. 
sad Great Lake "(To L. 


Though brief, this diagnosis is adequate to identify 
the species subsequently known by this name. 
Since it is evident that Hubbs was responsible 
for the name and its diagnosis, the brassy minnow 
is properly attributed to Hubbs, in Jordan (op. 
cit.). H. hankinsoni has been figured and described 
or compared with related species by Simon (1946, 
Wyoming Game and Fish Dept., Bull. 4: 87-8), 
Hubbs and Lagler (1947, Cranbrook Inst. Sci., 
Bull. 26: 59), Eddy and Surber (1947, Northern 
Fishes: 125, 146-7), Dymond (1947, Royal Ont. 
Mus. Zool., Misc. Publ. 1: 18, 22), Bailey (1951, 
Iowa Fish and Fishing, by J. R. Harlan and E. B. 
Speaker: 217), Beckman (1952, Univ. Colo. Mus., 
Leaflet 11: 60), and Carl and Clemens (1953, 
Brit. Col. Prov. Mus., Handbook 5 (2nd. ed.): 77). 

Many specimens in the Museum of Zoology of the 
University of Michigan were catalogued as para- 
types of Hybognathus hankinsoni prior to the orig- 
inal description, but none was designated as the 
holotype. With the concurrence of Dr. Hubbs, we 
now specify UMMZ No. 84266, one of the original 
syntypes, as lectotype of H. hankinsoni Hubbs. 
This specimen, an adult 64.5 mm. in standard 
length, was collected in Dead River, Sec. 8, T.48N., 
R.26W., in the Lake Superior watershed, Marquette 
County, Michigan, on July 20, 1927, by C. A. 
Montague. 

The lectotype has a complete lateral line with 
37 scales; body-circumference scales 11 + 2 + 14 
(below lateral lines) = 27; caudal-peduncle scales 
6+2+ 5 = 13; fin rays—dorsal 8, anal 8, pectoral 
13-14, pelvic 8-8, caudal 19. The following measure- 
ments are expressed as percentages of the standard 
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been successfully introduced into British Columbia (see text). 
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length: head length 26.7, head width 14.7, snout 
length 8.2, orbit length 6.2, predorsal length 49.9, 
dorsal fin height 22.5, pectoral fin length 21.7. 
Head bluntly rounded, orbit moderate (4.3 in 
head), dorsal fin rounded, lateral scales with about 
17 to 19 weak radii and with the circuli gently 
curved at anterobasal corners. 

The type locality of Hybognathus hankinsoni is 
remote from the ranges of other species in the genus, 
for none of which are there verified records above 
Niagara Falls in the Great Lakes system. The 
brassy minnow is occasionally taken with Hybogna- 
thus nuchalis in the Mississippi basin, and occurs in 
the same area with H. nuchalis regia! in parts of 
the Lake Ontario drainage and in the upper Hud- 
son River system, where at one station the two were 
collected together. For the most part, however, 
ecological differences keep the species apart even 
where they are sympatric. H. hankinsoni typically 
inhabits creeks or small rivers, whereas H. nuchalis 
(including H. placita, auct.) abounds in moderate 
to large rivers, backwaters, and bayous, ascending 
creeks infrequently except on the Great Plains. 
In the eastern part of its range hankinsoni is com- 
monly found in the stained waters of bog streams 
and lakes, 

The distribution of Hybognathus hankinsoni 
(Fig. 1) has a wide longitudinal extent but is narrow 
latitudinally, especially in the east. In much of the 
Missouri River system the brassy minnow is com- 
mon and widespread, as revealed, for example, by 
the thorough survey of Nebraska by Raymond E. 
Johnson. In Missouri, the equally intensive ex- 
plorations by George V. Harry indicate only one 
residual area of recent occurrence—near the Iowa 
line in the Chariton River system. An old collec- 
tion in the United States National Museum (No. 
35756) from Lafayette County, Missouri, suggests 
a somewhat more extensive distribution in this 
region in years past, but the data are possibly in 
error. H. hankinsoni is the only species of Hybog- 
nathus known in the Red River drainage, whence 
specimens have been examined from Lake Traverse, 
South Dakota, and the Little Pembina River, 
Manitoba (Royal Ontario Museum of Zoology and 
Paleontology, No. 14839). In view of the present 


Inst. Sci., Bull. 18: 60), who commented: “...apparentl 
t i Gulf states with H. n. nuchalis.” 
H. n. regia ranges south on the Atlantic slope to the Altamaha 
River system, Georgia; H. m. muchalis occurs eastward in the 
Gulf states to the Alabama River in Alabama but is not known 


have not been adequately quantified or they 
overlap broad . Until these forms have been accorded thor- 
ough study, it is perhaps best provisionally to continue to 
treat them as subspecies. 


distribution, it seems obvious that H. hankinsoni 
survived the Wisconsin glaciation in the Missouri 
and Upper Mississippi drainages. Following the 
retreat of the ice front, the species made its way into 
the Red River drainage via the Lake Agassiz glacial 
outlet, and into the Great Lakes area through the 
St. Croix and the Fox river connectives, as indi- 
cated by Greene (1935, The Distribution of Wis- 
consin Fishes. Madison: pp. 14-6, 121). Since the 
brassy minnow does not persist anywhere in the 
Ohio River drainage and is found in the Illinois 
system only near its source, where it probably ar- 
rived through recent secondary connections, use by 
the species of the Chicago outlet seems questionable 
and passage up the Maumee-Wabash outlet most 
unlikely. After gaining access to the Great Lakes, 
H. hankinsoni apparently spread rapidly to the 
east from Wisconsin across Michigan and southern 
Ontario, traversing either the Trent outlet from 
Glacial Lake Algonquin or the Nipissing-Ottawa 
channel from the Nipissing Great Lakes, or both, 
and then by way of the St. Lawrence River and 
Lake Champlain reached the eastern terminus of its 
modern distribution in the Upper Hudson River 
drainage. Like Radforth (1944, Contr. Royal Ont. 
Mus. Zool., 25: 88-9), I believe Hybognathus hankin- 
soni is of Mississippi derivation and did not re- 
invade the eastern part of its range from the Susque- 
hanna River system (where it does not now occur), 
as postulated by Greene (op. cit.: 121). 

Recently Hybognathus hankinsoni has become 
established, clearly as the result of introduction, 
in the lower Fraser River system in British Colum- 
bia (1953, Carl and Clemens, of. cit.). Specimens 
from the Stave River, New Westminster County, 
are in the Museum of Zoology. 

Several colleagues have helped materially in the 
preparation of this note and to them I express my 
sincere thanks: Dr. Carl L. Hubbs identified many 
lots of H. hankinsoni in the Museum of Zoology; 
Dr. Ernest A. Lachner loaned specimens in the 
United States National Museum; Mr. Vianney 
Legendre loaned a specimen from Quebec; Dr. 
Edward C. Raney and Mr. C. Richard Robins 
furnished New York and Illinois records from the 
Cornell University collection; and Dr. W. B. Scott 
granted access to the many Canadian specimens in 
the Royal Ontario Museum of Zoology and Pale- 
ontology and assisted in plotting several collection 
records. The Wisconsin records on Fig. 1 are taken 
directly from Dr. C. Willard Greene’s distributional 
study (op. cit.). Many of the Iowa stations are 
based on specimens in the Iowa State College col- 
lection. The bulk of the locality records not other- 
wise indicated are in the Museum of Zoology.— 
REEVE M. Battey, Museum of Zoology, University 
of Michigan, Ann Arbor, Michigan. 


= 

1 The eastern silvery minnow was ranked as a subapecian 
of Hybognathus nuchalis by Hubbs and Lagler (1941, Cranbrook 
streams of the Appalachian Mountains, and no Hybognathus 

is known from the Apalachicola River basin. Since the ranges ‘ 

of regia and nuchalts are well separated, gene interchange 
under natural conditions is impossible. However, the charac- 
ters advanced to _ the races (Hubbs and - 
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NORTHERLY OCCURRENCES OF WARM- 
WATER FISHES IN THE WESTERN AT- 
LANTIC.—In the summer and fall of 1953, I was 
able to record several northerly occurrences of warm- 
water fishes of the families Scombridae, Carangidae 
and Coryphaenidae. These include some individuals 
taken from research vessels of the Woods Hole 
Oceanographic Institution in offshore waters, and 
others caught in Mr. Norman Benson’s trap at 
Quissett, Massachusetts, in Buzzards Bay. 

Some of the captures appear to constitute new 
northern records. Others are of species which have 
previously been listed from these latitudes but 
whose occurrences there are not often described in 
the literature. Abundance or scarcity of the respec- 
tive species was checked in Bigelow and Schroeder 
(1953, Fish. Bull. U.S.F.W.S., 53 (74): 1-577) for 
the Gulf of Maine, and in Nichols and Breder 
(1934, Zoologica, 9 (1): 1-192) for New York and 
southern New England, and other regional works, 
as well as Copera and the Zoological Record. 

Neothunnus albacares (Bonnaterre).—Two yellow- 
fin tuna, each 117 cm. long, were taken by trolling 
from the ATLANTIS in waters southeast of New York. 
One was caught on October 24 about 100 miles 
from that port, where the Hudson Canyon crosses 
the 100-fathom curve (39°22’N, 72°22’W), and the 
other was taken on November 11 about 110 miles 
further to the southeastward (38°18’N, 70°29’W), 
about 183 miles south of Martha’s Vineyard. 
Catches of this species in northern waters by sport 
fishermen have been reported occasionally in the 
nonscientific press, but in such cases the identifica- 
tion is often open to question. The species is not 
recorded in scientific literature from the Gulf of 
Maine, or from New York and southern New Eng- 
land. Nichols and LaMonte (1941, Ichthyol. 
Contrib. Internat. Game Fish Assoc., 1 (3): 30) 
listed a specimen (as Neothunnus albacora) taken 
off Ocean City, Maryland, (38°23’N). These cap- 
tures, therefore, occurred at or near the probable 
northern limit of the range of the species, although 
some individuals may have been taken off northern 
New Jersey or Long Island. 

Scomberomorus cavalla (Cuvier).—Thirteen king 
mackerel averaging 70 cm. in length were taken in 
the trap at Quissett between September 28 and 
October 9. This species was not known from the 
Gulf of Maine until as recently as August, 1949, 
when one was taken at North Truro, Cape Cod. 
This is the most northerly record of its occurrence. 
It was listed as formerly abundant, now rare, off 
New York and southern New England. 

Seriola falcata Cuvier and Valenciennes.—A 
falcate amberjack 34 cm. long was taken from a 
school of about a dozen individuals of similar size 
which approached the ATLANTIS when she was 
hove to on November 1 (39°09’N, 62°05’W), about 
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610 miles east of Cape May. While it is not un- 
usual to find juvenile carangids drifting with weeds 
in the offshore waters, the larger individuals are 
seldom recorded so far from land. Two specimens, 
8 and 27 cm. long, respectively, were taken near 
the surface along with two Caranx ruber and over 
200 C. crysos in a 2-meter ring net from the BEAR 
on September 10 (39°13’N, 71913’W), about 145 
miles east of Atlantic City. As I have found no 
mention of the occurrence of this species north of 
Bermuda and Cape Hatteras, these captures ap- 
pear to constitute a new northern record. 

Caranx crysos (Mitchill)—Ten blue runners 
averaging 40 cm. in length were taken close to the 
surface with hook and line from the Capt. BILL m on 
July 29 (40°04'N,70°34’W), 77 milessouth of Martha’s 
Vineyard. The offshore capture of large blue runners 
is unusual, as the adults of this species are regarded 
as inshore fishes. About 40 individuals from 6 to 
15 cm. long were caught at the surface by net from 
the BEAR on August 26 (39°29’N, 70°40’W), 112 
miles south of Martha’s Vineyard. Over 200 crysos 
of this same size range were taken from this vessel 
in the same general area on September 10, along 
with the two C. ruber and two Seriola falcata, as 
mentioned above. The capture of so many small 
individuals in the offshore waters is interesting in 
view of the nursery area for the species defined by 
Nichols (1939, Bull. Bingham Oceanogr. Coll., 
7 (2): 1-9) as extending from 37°12’ to 32°59’N 
and from 67°39’ to 69°46’W in late August. This 
area is not far south and east of the locations where 
so many juveniles were taken from the Bear. A 
small school of blue runners about 18 cm. long was 
seen at the Woods Hole docks, and at least two were 
taken on hook and line on September 29. Two others 
of about the same size were caught in the Quissett 
trap on October 2, and Mr. Benson reported that 
he had taken about half a bushel of about this 
length on September 23. In the past few years, 
crysos has been by far the most abundant Caranx 
in sizes large enough to be caught in traps or by 
hook and line in the Cape Cod area. I have seen 
many of them from 16 to 20 cm. long taken in Cape 
Cod Bay as well as on the south side of the Cape, 
while I have seen only one specimen of C. hippos 
in the same period. The latter has been listed as the 
most common jack in southern New England, but 
Mr. Nichols has told me that this referred mainly 
to very small individuals. The range of C. crysos 
extends northward to Nova Scotia. 

Caranx hippos (Linnaeus)—An 18-cm. jack 
crevalle was taken in the Quissett trap on October 
9. The species has been recorded from Lynn and 
Provincetown in the Gulf of Maine, and as far 
north as Nova Scotia. It was listed as common at 
Woods Hole. As mentioned above, however, in 
recent years I have found C. crysos in much greater 
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numbers than C. hippos in the vicinity of Cape 
Cod. 

Caranx ruber (Bloch).—Two bar jacks 9 cm. 
long were taken in a net from the BEAR on Septem- 
ber 10 (39°13’N, 71°13’W), along with over 200 
C. crysos and two Seriola falcata. As the most 
northerly records I have found for C. ruber are 
38°07'N, 68°45’W to 37°12’N, 67°39’W, from 
Nichols (loc. cit.), this capture appears to represent 
a northerly extension of its known range. 

Selar crumenophthalmus (Bloch).—Twenty-eight 
goggleye scad all about 16 cm. long were taken in 
the trap at Quissett from September 26 through 
October 9. The species has been listed three times 
from Cape Cod localities in the Gulf of Maine, and 
as far north as Cape Breton, Nova Scotia. It has 
been considered common in the fall at Woods Hole. 

Alectis crinitus (Mitchill)—An 11-cm. thread- 
fish was taken in the trap at Quissett on September 
26. There are two records of the species from the 
Cape Cod area in the Gulf of Maine and it is listed 
as rare in New York and southern New England. 

Coryphaena equisetis Linnaeus——I have found 
only one previous record of the little dolphin from 
off the Atlantic coast! of the United States. This was 
listed by Linton (1905, Bull. U. S. Bur. Fish., 24 
(1904): 373) from Cape Lookout, North Carolina 
(34°35’N). I was fortunate in obtaining a second 
such record while sport fishing off Cape Hatteras, 
North Carolina, on October 14, 1952. A 39-cm. 
specimen was taken from a large school of C. 
hippurus of about the same size. On October 16, 
1953, a 40-cm. equisetis was taken from the At- 
LANTIS (38°22’N, 69°35’W), 135 miles south of 
Nantucket Light Vessel. This appears to be the 
most northerly capture of the species on record for 
the western Atlantic, although its close relative, 
C. hippurus, is sometimes abundant off southern 
New England and has been recorded from the Gulf 
of Maine and the outer coast of Nova Scotia. 

I am indebted to Mr. W. C. Schroeder, Dr. 
Richard H. Backus, Dr. John Kanwisher, and 
others of the scientific staff of the Woods Hole 
Oceanographic Institution, to Captain W. Scott 
Bray and Boatswain Carl Speight of the ATLANTIS 
and other members of the personnel of the respec- 
tive vessels, and to Mr. Norman Benson, for col- 
lecting these specimens, and to Mr. Schroeder and 
Mr. John T. Nichols, of the American Museum of 
Natural History, for their assistance in preparing 
this note—Frank J. MATHER III, Woods Hole 
Oceanographic Institution, Woods Hole, Massa- 
chusetts. (Contribution No. 702). 


1 In the Straits of Flcrida, however, the species a to 
be fairly common. Al Pflueger, the well-known Miamt taxider- 
mist, has told me that these fish are Srequentiy taken in the 
Gulf Stream off that port, where they are known as “pompano 
dolphin.”” He showed me a specimen at his shop, and has 
pao others to the Department of Zoology at Miami Uni- 
versity. 


AN AMERICAN RECORD FOR THE BERY- 
COID FISH GEPHYROBERYX DARWINI.— 
Gephyroberyx darwini (Johnson), belonging to the 
uncommon and little-known family Trachich- 
thyidae, is described as a bathypelagic fish found in 
the Atlantic, Indian, and Pacific oceans. Johnson 
(1866, Proc. Zool. Soc. London, 1866: 311-15) de- 
scribed the species from a single specimen taken 
near Madeira. Goode and Bean (1895, Oceanic 
Ichthyology, p. 188) and Jordan (1905, Guide to 
the Study of Fishes, 2: 252) indicated that it is 
found in Japanese waters. Fowler (1935, Proc. 
Phila. Acad. Nat. Sci., 87: 374) and Smith (1950, 
The Sea Fishes of Southern Africa: 152) recorded 
it from South Africa. 

A single individual was taken during the night 
of April 7-8, 1953, by the otter trawler, May- 
FLOWER, 70 miles ESE of Atlantic City, New Jersey 
(38°40’N Lat., 73°53’W Long.) at a depth of 110 
fathoms. This is the first time this species has been 
recorded from the Western Atlantic, so far as I 
have been able to determine. 

The following meristic characters were obtained: 
D. VIII, 13; A. III, 11; P. 14 left, 12 right (right 
fin malformed); V. I, 6. Lateral-line scales 27 left, 
26 right; ventral scutes 12; 6 spinescent rays on 
dorsal and ventral edges of caudal-fin base; bran- 
chiostegals 8; gillrakers 5 + 14 left, 5 + 13 right. 
The standard length is 350 mm. The following 
measurements are given as percentages of the 
standard length: depth, 50.5; head (to end of oper- 
cular spine), 36.3; snout, 10.0; eye, 7.1; orbit, 8.3; 
interorbital, 11.7; postorbital, 19.2; upper jaw, 
22.0; pectoral fin, left 22.2, right, 21.7. 

Johnson (1866) indicated that “the maxillary 
reaches backward to the vertical from the middle 
of the eye.” This is true of the present specimen if 
the vertical is dropped to the lower corner of the 
maxillary. The tongue of this specimen is not black 
nor is it adherent; its edges are free. The fourth 
dorsal spine (which is the longest in Johnson’s 
description) has its tip bent over. 

The fish had been out of water about one week 
when it was received and by that time its red color 
had begun to fade and the ends of its fins had be- 
gun to break off. It is now housed at the United 
States National Museum, USNM No. 163445. 

Thanks are due John Reintjes, U. S. Fish and 
Wildlife Service, for making the specimen avail- 
able.—FRANKLIN C. Darser, University of Dela- 
ware, Newark, Delaware. 


HERMAPHRODITISM IN THE ROSYFACE 
SHINER, NOTROPIS RUBELLUS.—Hermaph- 
roditism, the return to the primitive condition of 
both sexes within one body, is a rare event in natural 
populations of vertebrates. This condition has been 
observed in fishes by various authors: Bishop in 
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CopetA, No. 80, 1920, pp. 20-1; Chidester in Anat. 
Rec., 12, 1917, pp. 389-96; Crawford in CopeEta, 
No. 163, 1927, p. 34; D’Ancona in Pubbl. Staz. 
Zool. Napoli, 18: 1941, pp. 313-36; Fowler in 
Science, 36, 1912, pp. 18-9; Howes in Jour. Linn. 
Soc., 1891, pp. 539-58; James in jour. Morph., 
79 (1): 1946, pp. 93-5; Johnson in Coprra, 1932 
(1), pp. 21-5; Lavenda in Copeta, 1949 (3), pp. 
185-94; Schultz in Copera, 1931 (2), p. 64; and 
Williamson in 24th. Ann. Rept., part 3, of the 
Fishery Board for Scotland, 1906, pp. 290-2. In 
these references the hermaphroditic condition was 
described as either one male and one female gonad, 
two gonads each possessing male and female 
characteristics, or paired male and female gonads. 
It can now be reported that Notropis rubellus 
(Agassiz) also exhibits hermaphroditism under 
natural conditions. 

On August 19, 1953, while seining a riffle typical 
of the West Branch of French Creek at Wattsburg, 
Pennsylvania, I captured an adult, two-year-old 
rosyface shiner with both male and female gonads. 
This condition was discovered later while sexing 
over 3,000 adults of this species sampled during the 
summer in streams comprising the Ohio drainage 
of northwestern Pennsylvania. Two additional 
hermaphroditic rosyface shiners were captured 
from Slippery Rock Creek on February 20, 1954. 
The age of these two-year-old specimens was also 
determined by the scale-reading method. 

The distinctiveness of these specimens lies in the 
unusual paired condition of the gonads. A pair of 
male gonads occurred on the left side of the small 
intestine and a pair of female gonads was found on 
the right side. The male gonads were milky white 
rod-shaped organs of normal size and shape for that 
age class. The flat, spongy female gonads were also 
of typical size and shape. The oviduct and vas 
deferens had distinct openings into the cloaca in 
all three specimens. 

Histological sections were prepared from the 
earlier specimen. The gonads were imbedded in 
wax, sectioned, and stained with Erhlich’s Acid 
Alum Hematoxylin. Microscopic examination of 
these sections indicated that these particular 
gonads could not produce functional gametes. 
Date of collection of this specimen (August 19) 
was not during the normal breeding season in this 
region. 

Gametes were present in the gonads of the two 
hermaphroditic specimens obtained in February. 
Maturing eggs were observed in their ovaries while 
the testes contained maturing sperm. Normal 
members of the NV. rubellus population sampled in 
February also had gametes in the early stages of 
maturation. 

The following data were recorded from these 
specimens: Specimen A (August 19th.)—weight, 
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1.94 grams; standard length, 54.4 mm.; predorsal 
length, 30.0 mm.; gonad lengths, (male) 10 and 11 
mm. and (female) 11 and 12 mm. Specimen B 
(February 20th.)—weight, 2.85 grams; standard 
length, 53.6 mm.; predorsal length, 33.6 mm.; 
gonad lengths, (male) 15 and 16 mm. and (female) 
19 and 20 mm. Specimen C (February 20th.)— 
weight, 2.78 grams; standard ‘length, 58.7 mm.; 
predorsal length, 33.1 mm.; gonad lengths, (male) 
15 and 16 mm. and (female) 18 and 19 mm. All 
three specimens had the following counts in com- 
mon: pectoral rays, 12; anal rays, 9; pelvic rays, 8; 
and dorsal rays, 9. 

These unusual specimens show no apparent 
divergence from other individuals in this particular 
year-class.—ROGER J. REED, Pymatuning Labora- 
tory of Field Biology, University of Pittsburgh, 
Pittsburgh, 13, Pennsylvania. 


MORTALITY AMONG BROOK TROUT, 
SALVELINUS FONTINALIS, RESULTING 
FROM ATTACKS OF FRESHWATER 
LEECHES.—During July, 1953, the Maine De- 
partment of Inland Fisheries and Game was asked 
to investigate an unusual mortality among brook 
trout, Salvelinus fontinalis (Mitchill), at Quimby 
Pond, Rangeley Township, Franklin County, Maine. 
Quimby Pond is a shallow, homothermous pond of 
approximately 150 acres in which summer water 
temperatures occasionally become critically high. 
Brook trout provide a good sport fishery in this 
pond mainly because of the absence of serious com- 
petition from other fishes and because of the ex- 
istence of numerous underwater springs. Numbers 
of trout may be seen congregated in the spring 
holes during short periods when water temperatures 
are above 72° to 74° F. 

One of the largest springs in the pond is near the 
northeastern shore, in approximately two feet of 
water. The shallowness of the water and the near- 
ness to shore encourage poaching and bird preda- 
tion when trout are congregated here. Sportsmen 
state that the yearly loss to these sources has been 
high. Control of this loss has been attempted in 
recent years by placing brush in the spring to pro- 
vide shelter. While the brush shelter has been quite 
effective in reducing bird predation and poaching, 
it has also had an effect that was unforseen; it has 
apparently created an ideal habitat for Macrobdella 
decora (Say) and Haemopis grandis (Verrill), leeches 
numerous in many small ponds throughout the area. 
During the summer of 1953, these leeches (and 
possibly other species also) were very abundant in 
and around the brush shelter. 

On July 24, 1953, fifty to sixty large trout were 
congregated in the spring hole and were being 
fiercely attacked by hordes of M. decora and H. 
grandis from the surrounding brush. These leeches 
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belong to the Hirudidae, a family not normally 
associated with fish. Both species have been re- 
ported from the northern region of the United States, 
being particularly abundant throughout the Great 
Lakes region, New York, New England, and much 
of Canada. 

It was possible to observe the struggles taking 
place in the spring hole quite clearly. One M. decora 
was seen to attach itself to the side of a trout weigh- 
ing approximately two pounds. The fish immediately 
tried to dislodge the attacker by scraping its side 
on the bottom and on brush. The leech was suc- 
cessfully dislodged but the trout was attacked again 
a few minutes later. This procedure was repeated 
several times and would presumably continue until 
the fish became exhausted and submitted. The 
congregated trout showed no inclination to leave the 
spring hole despite their continual harassment. 

Three trout were found dead and a fourth was 
nearly dead. The dying fish was captured and au- 
topsied. At the time of capture, six leeches (both 
M. decora and H. grandis) were attached to the 
gill arches, isthmus, and fin bases. Small, red wounds 
showed where leeches had fed and dropped off, or, 
possibly, where leeches had originally attached and 
then moved later to more vascular areas as the 
fish became less active. One M. decora was attached 
under the right pectoral fin in the vicinity of the 
heart and had apparently rasped an opening through 
the body wall and into the ventral aorta. The color 
of the liver was creamy-white. Very little blood 
resulted from cutting flesh or viscera. It appeared 
quite certain that the fish was dying from loss of 
blood. 

The three dead trout exhibited identical symp- 
toms and were also infested with leeches. Sports- 
men reported finding over 20 dead trout in and 
around the spring during the three days preceding 
July 24. All victims were large, ranging in weight 
from one to two pounds. The larger fish were ap- 
parently selected for attack; small trout were also 
numerous in the spring hole but were unmolested. 

It appeared that M. decora and H. grandis were 
equally involved in the attacks. M. decora, the 
American medicinal leech, belongs to the mono- 
stichodont group and each of the three strongly 
developed jaws is provided with approximately 65 
conical teeth (actual counts were 63 and 65). These 
teeth constitute a formidable cutting apparatus 
and M. decora is known to be a ferocious blood- 
sucker. H. grandis, on the other hand, belongs to 
the distichodonts, a group in which jaws are weakly 
developed. H. grandis lacks teeth and is incapable 
of penetrating intact surfaces. It is obvious, there- 
fore, that this. leech was involved in a secondary 
capacity only, attacking wounds made by M. 
decora or wounds already existent. 

An attempt to reduce leech predation, and at the 


same time to prevent renewed bird predation and 
poaching, was made by replacing the brush shelter 
with a woven-wire screen suspended several inches 
above the water. Baiting and trapping of leeches 
were also attempted. Cooler weather followed July 
24, however, and the trout moved away from the 
spring within a few days. It was thus impossible to 
make further observations or to determine the ef- 
fectiveness of control. 

Attack and destruction of healthy, adult trout 
by leeches is unusual and is undoubtedly possible 
only where special conditions bring heavy concen- 
trations of trout and leeches into prolonged con- 
tact.—Rosert S. Rupp, Maine Department of In- 
land Fisheries and Game, Augusta, Maine, AND 
Marvin C. MEYER, Department of Zoology, Uni- 
versity of Maine, Orono, Maine. 


NOTES ON THE GREAT WHITE SHARK, 
CARCHARODON CARCHARIAS, IN CANA- 
DIAN ATLANTIC WATERS.—While definite 
records of the great white shark in Canadian 
Atlantic waters are few (Piers, 1934, Proc. Nova 
Scotia Inst. Sci., 18 (3): 192-203; Vladykov and 
McKenzie, 1935, Ibid., 19 (1): 47; Scattergood, 
1951, Coprta (4): 297-8), persistent reports of 
encounters with sharks apparently of this species 
suggest that during the last few years it has become 
a regular summer visitor. 

On August 20, 1952, a porpoise hunter, collecting 
specimens from a skiff for the Atlantic Biological 
Station in the area between Passamaquoddy Bay 
and Grand Manan Island, saw a full-grown por- 
poise, Phocaena phocaena, which he was about to 
shoot, bitten in two by a shark. The shark appar- 
ently swallowed the hind portion while the hunter 
retrieved the head end with a gaff. The shark then 
circled the skiff closely and was seen to be of a 
pale grey color dorsally and lighter ventrally. It 
was a little longer than the 14-foot skiff, which was 
painted black. The hunter shot the shark in the 
head with a rifle and it swam away. 

On July 9, 1953, a large unidentified fish attacked 
a 12- to 14-foot moving dory at Fourchu, on the 
northeastern coast of Cape Breton Island, Nova 
Scotia, smashing an 8-inch hole in the bottom and 
drowning one of the two occupants, a Mr: John 
D. Burns. A fragment of one of the attacker’s 
teeth which had been left imbedded in the wood of 
the dory was sent to William C. Schroeder, of the 
Museum of Comparative Zoology and the Woods 
Hole Oceanographic Institution, who identified it 
as definitely having come from the great white or 
man-eater shark, Carcharodon carcharias (Linnaeus). 
He noted further that the tooth was twice as large 
as, and fitted precisely the end of, the tooth drawn 
in figure 22B by Bigelow and Schroeder (1948, 
Fishes of the Western North Atlantic, Vol. 1 
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(Sharks): 136), who illustrated the fourth upper 
tooth of a great white shark about 6 feet long. As- 
suming that the teeth grow in size about in direct 
proportion to the body, the shark is estimated to 
have been about 12 feet long and to have weighed 
perhaps 1,100 to 1,200 pounds. 

Interesting features of the episode are, first, that 
neither of the two occupants of the dory, both of 
whom were in the water some hours, was molested 
by the shark and, second, that the dory involved 
was the only one of many being used in the Fourchu 
area which was painted white. A shark, apparently 
the same one, was in the area several days before 
and whenever seen was following the white dory. 
Nothing is known to have happened to provoke the 
actual assault. 

On July 9 or 10, 1953, a New Jersey sportsman, 
while fishing for tuna at Wedgeport, N. S., hooked 
and landed an 8-foot male shark. It was identified 
by Mr. W. Klawe of the staff of the Atlantic Bio- 
logical Station as a white shark. The identification 
was confirmed by Mr. Schroeder from tooth sam- 
ples. 

About August 12, 1953, a 15- to 16-foot shark 
was caught in a herring trap in the Lahave Islands 
area off Lunenburg County, N. S. This specimen 
was exhibited at the Nova Scotia Fisherman’s 
Exhibition which was held at Lunenburg in mid- 
September. Identification of the specimen as a 
white shark was again confirmed by Mr. Schroeder 
from tooth samples. 

On August 25, 1953, an adult male harbour seal, 
Phoca vitulina, was shot on a reef near Dochet 
Island, in the St. Croix River between Maine, 
U.S.A., and New Brunswick. This animal had its 
right hind limb and tail severed apparently only a 
few minutes previously by a shark. The size of the 
tooth slashes on the area bitten strongly suggested 
that they were made by a great white shark. 
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Noteworthy is the fact that of twelve known oc- 
currences of this shark in Canadian Atlantic waters 
from 1872 to 1954, two records have been for the 
period 1872 to 1874, one for 1920, three for 1930 to 
1932 and six for 1949 to 1953—periods which have 
been shown by TAaning (1953, Ann. Proc. Int. 
Comm. NW. Atl. Fish., 3: 69-77) and by Hachey 
and McLellan (1948, Prog. Repts. Atl. Coast 
Stations, 43: 7-8) to have had surface tempera- 
tures well above the average for the northwestern 
Atlantic area—L. R. Day H. D. FisHer, 
Atlantic Biological Station, St. Andrews, N. B., 
Canada. 


THE SHARK, CARCHARIAS 
TAURUS, FROM CASCO BAY, MAINE.—On 
August 24, 1953, a local fisherman brought to this 
laboratory for identification two specimens of the 
sand shark, Carcharias taurus Rafinesque. He had 
found them that morning caught by the teeth to the 
top line of his mackerel net in Casco Bay, off 
Bunganuc Landing, 43°52 N. lat., 70°01 W. long., 
Maine. Published accounts for this species in 
waters north of Cape Ann are rare (three are cited 
by Bigelow and Schroeder, Fishes of the Gulf of 
Maine, 1953: 19-20), although it may reach Casco 
Bay regularly during the summer (Bigelow and 
Welsh, Fishes of the Gulf of Maine, 1925: 35). One 
of the 1953 specimens was a male, about four and 
one-half feet long, and the other a female, approxi- 
mately three feet in length. There was no indication 
of reproductive activity within the female tract. 
The stomach of the female contained two small 
flounders, too far digested for identification, and a 
piece of squid. The fisherman who brought the 
sharks stated that he had not seen this kind be- 
fore.—JaMEs M. Movutton, Department of Biology, 
Bowdoin College, Brunswick, Maine. 


Herpetological Notes 


THE SALAMANDER ANEIDES AENEUS 
IN SOUTH CAROLINA.—Aneides aeneus (Cope 
and Packard) was first recorded from South Caro- 
lina by Brimley (1927, Corer, 162: 10) from Mount 
Pinnacle, Pickens County. This record was based 
upon a single individual taken August 3, 1926, 
by J. O. Pepper which was placed in the herpeto- 
logical collections of Clemson College. Franklin 
Sherman, writing of this specimen in file notes at 
Clemson College, stated that it was “taken from 
surface of up-standing tree at about 334 ft. up, in 
damp woods.” Bishop (1928, Jour. Elisha Mitchell 


Soc., 43: 164) mentioned this Mount Pinnacle 
locality. 

So far as known, no additional matenal of the 
green salamander was taken in South Carolina until 
May 9, 1935, when E. B. Chamberlain took six 
specimens (Charleston Museum (ChM) No. 
35.141.1) near the top of Sassafras Mountain, 
elevation 3400’, again in Pickens County. The 
habitat here is one of rock crevices (Gordon, 1952, 
Amer. Mid. Nat., 47 (3): 669). 

There is another unpublished record from Pickens 
County. Sherman, again in notes at Clemson Col- 
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lege, stated that on September 11, 1941, “Up Esta- 
toe Creek, in northern part of Pickens County, 
several miles below and perhaps five to six miles 
southwest of Rocky Bottom, Mr. O. L. Cartwright 
took a fine specimen of this distinctive species. 
Abou‘ 4 to 5” long, tail slender and complete..... 
It was at full length in one of the slight irregulari- 
ties of a damp, shady, vertical, lichen-covered 
cliff (of granite rock) whichimplies climbing habits.’’ 
Estatoe Creek lies in the northwestern part of 
Pickens County. 

John A. Quinby and I visited the region near 
Jocassee, Oconee County, on October 24 and 25, 
1953. In the vicinity of Jocassee (elevation about 
1000’), nine specimens of A. aeneus were taken, all 
from rocky outcroppings, either natural or exposed 
by man. Five individuals (ChM 53.169.1) were 
taken 10.4 mi. by road NNW of Salem on the road 
to the Upper Whitewater Falls, Oconee County. 
Here there is a low rocky cliff on the upper side 
of the road, apparently exposed by road building 
activities. Virgil G. Sleight of the University of 
Miami identified a sample of the rock as granite 
gneiss. Four additional salamanders were seen. All 
nine of the salamanders were in the cracks and 
crevices of the much-weathered rock, three being 
collected when a small section of the outcropping 
was accidentally dislodged. All were taken in the 
late morning and were moderately active. One is a 
juvenile with a snout-vent length of 13 mm.; the 
others, three males and a female, vary in snout- 
vent length from 40 to 57 mm. The total length of 
the largest individual (a male) is 127 mm. 

Aneides aeneus was also taken at three other 
localities in the immediate vicinity of Jocassee: 
1.8 mi. SE of Jocassee (ChM 53.169.2 (2)); 1.9 mi. 
NW of Jocassee (ChM 53.169.4 (1)); 2.1 mi. NW 
of Jocassee (ChM 53.169.5 (1)). The green sala- 
mander has been previously reported from Jocassee 
by Gordon (loc. cit.). The latter two localities are 
typical of the natural rocky outcroppings with 
which I have found this salamander associated in 
Kentucky, West Virginia, and Georgia. These 
outcroppings are in mixed woods, well shaded and 
cool during the heat of the day; the salamanders 
were taken from rather superficial breaks in the 
rock surface. 

At the locality 1.8 mi. SE of Jocassee, the sala- 
manders were taken from a man-made vertical 
cliff on the south side of the Keowee River. The 
cliff is much exposed and only lightly covered with 
moss and herbaceous plants. Two females (snout- 
vent lengths, 56 and 47 mm.) were taken from ex- 
posed but shady situations in this cliff in the early 
afternoon. 

The surface of the rock in all places visited is 
not weathered in pockets, such as those pointed 
out by Walker and Goodpaster (1941, Coprra 


(3): 178) as suitable habitat for Aneides aeneus 
in limestone areas in southern Ohio. Rather, the 
habitat resembles that described by Gordon and 
Smith (1949, Copera (3): 173) and Gordon (op. 
cit.: 674-5) as harboring Aneides in the vicinity of 
Highlands, Macon County, North Carolina, a 
locality at which I have also collected. 

Green salamanders were seen but not collected 
at another locality in Oconee County. In a man- 
made outcropping, 1.1 mi. (by road) north of the 
Jocassee Club grounds on Thompson Creek, two 
Aneides were seen in the crevices in the rock face. 

Another visit to the northern section of South 
Carolina was made, in the company of Thomas M. 
Uzzell, Jr., on November 20-22, 1953. Aneides 
aemeus was secured at two additional localities. 
Three adult females, two adult males, and two 
juveniles (ChM 53.179.4) were collected 3.3 mi. N 
of Rocky Bottom, Pickens County. Both immature 
individuals measure 13 mm. in snout-vent length. 
The largest specimen is a male (total length, 133 
mm., snout-vent length, 59 mm.). All the sala- 
manders were taken from an exposed high cliff 
and outcroppings which had been made when the 
highway was constructed. At least six other green 
salamanders were seen. From the same outcroppings, 
but not the same crevices that harbored Aneides 
aeneus, we collected Plethodon jordani melaventris 
and Desmognathus monticola monticola. Two other 
specimens of Ameides (ChM 53.179.47) were se- 
cured 2.0 mi. S of Caesar’s Head community, Cae- 
sar’s Head Mountain, Greenville County. Both are 
females (snout-vent lengths, 60 and 43 mm.) and 
were collected from sheltered crevices in a natural 
outcropping, immediately adjacent to an intermit- 
tent stream and waterfall. The stream was flowing 
at the time of collection, due to recent rains. In 
the rubble of the stream and crevices of the wet 
outcropping beneath the water fall, Desmognathus 
ochrophaeus carolinensis was common. 

Of the 24 specimens of Ameides aeneus at hand 
from South Carolina, six are very young individuals, 
ranging from 22 mm. to 27 mm. in total length, 
and from 13 mm. to 17 mm. in snout-vent length. 

Specimens of the green salamander have now 
been taken at ten localities and have been observed 
at another—all in Pickens, Oconee, and Greenville 
counties. Undoubtedly searching in suitable rocky 
outcroppings will reveal that Ameides is more 
abundant than supposed in the mountainous south- 
ern border region of the Blue Ridge Province in 
South Carolina. 

I wish to thank Thomas M. Uzzell, Jr., and John 
A. Quinby for assistance in collecting; R. E. Ware 
for his copying data from the notes kept by the 
late Franklin Sherman; and William E. Duellman 
for checking certain literature references at my 
request. J. C. Nicholls of Murphy, North Carolina, 


0 

e 

y 

st 

i- 

n 

Ry 

S 

is 

d 

1e 

ff 

in 

od 

of 

1e 

id 

on 

t. 

ull 

a 

he 

e- 

| 

sle 

he 
til 

six 

lo. 

n, 

he 

ns 

ol- 


298 


suggested that Aneides would be found in the vi- 
cinity of Jocassee, and his suggestion initiated the 
successful search.—ALBERT SCHWARTZ, Charleston 
Museum, Charleston 16, South Carolina. 


THE PAINTED TURTLE, CHRYSEMYS 
PICTA PICTA, IN EASTERN TENNESSEE.— 
Pope (1946, Turtles of the United States and 
Canada: 182-3) and Carr (1952, Handbook of 
Turtles: 214) do not include Tennessee in the range 
of Chrysemys picta picta. Carr (op. cit.: 230) does 
suggest the possibility of intergradation among 
C. p. dorsalis, C. p. marginata, and C. p. picta in 
western North Carolina, northern Georgia, 
and Alabama and eastern Tennessee....” King 
(1939, Amer. Mid]. Nat., 21 (3): 579) cited two 
specimens of C. ~. picta from Cades Cove, Great 
Smoky Mountains National Park, Blount County, 
Tennessee, and attributed them to a relict popula- 
tion. Eight specimens of C. picta have been col- 
lected in eastern Tennessee by the author and his 
students. Eastern Tennessee as used in this paper 
is that part of the state east of the Cumberland 
Plateau Front (also known as Walden Ridge). 

The Tennessee River is the major stream of 
eastern Tennessee and drains most of this area. 
Its main contributaries are located as follows: in 
the northeast the Holston River, receiving drainage 
from the mountains and Great Valley region of 
southwestern Virginia and the mountains of western 
North Carolina; the French Broad and Nolichucky 
Rivers arising in the mountains of northwestern 
North Carolina; in the north central part the Clinch 
and Powell Rivers, each with headwaters in extreme 
southwestern Virginia; in the east the Little Ten- 
nessee and Hiwassee Rivers, each with headwaters 
in the mountains of eastern Tennessee and western 
North Carolina and the mountains of extreme north- 
eastern Georgia (the Hiwassee River). The Cumber- 
land Plateau drainage divide is west of the limits 
of eastern Tennessee as herein delimited. 

The following data were obtained from the two 
specimens in the Great Smoky Mountains National 
Park collection (CPP) and the eight mentioned 
above, now in the author’s collection (RMJ). All 
of the specimens possess light foremargins on the 
central and lateral laminae and a complete (CPP-1, 
CPP-2, RMJ-214, RMJ-444, RMJ-452-3) or an 
incomplete (RMJ-214-2, RMJ-452, RMJ-452-2, 
RMJ-453, RMJ-living) middorsal red stripe extend- 
ing from the anterior margin of the precentral to 
or through the postcentral laminae. In specimens 
CPP-1, RMJ-444, RMJ-452, RMJ-452-2, and 
RMJ-453 the seam between centrals two and three 
is aligned with the seams between the second and 
third lateral laminae. In the remaining specimens 
the seam between centrals two and three is slightly 
in advance of the seam between laterals two and 
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three as follows: CPP-2, 1.9 mm. on left, 5.8 mm. 
on right; RMJ-214, 2.2 mm. on left, 2.5 mm. on 
right; RMJ-214-2, 2.7 mm. on left, 2.6 mm. on 
right; RMJ-452-3, 2.6 mm. on left, 1.7 mm. on 
right; RMJ-living, 2.1 mm. on left, 2.0 mm. on 
right. Specimens RMJ-214, RMJ-214-2, and RMJ- 
452-3 possess a dusky central figure on the plastron 
half or less the width of the plastron. The carapace 
lengths (Table I) are within the lengths given for 
both C. p. picta and C. p. marginata by Carr (op. 
cit.: 215, 230). 

The light foremargins on the laminae of the cara- 
pace and the alignment of seams between centrals 
two and three with lateral laminae two and three 
and the immaculate yellow plastron are characters 
of C. p. picta. The absence or obsolescence of the 
light foremargins of the carapace laminae and the 
staggered condition of the carapace seams and the 
dark central figure of the plastron are characters 
of C. p. marginata. C. p. dorsalis also has the alter- 
nation of the seams between the carapace laminae 
and the red dorsal stripe is usually very broad and 
conspicuous (Carr, op. cit.). Cagle (in litt.) states 
that he finds the dorsal stripe is wider than the 
stripes of the forelegs in C. p. dorsalis. All of the 


TABLE I 
Data OBTAINED FROM 10 SPECIMENS OF Chrysemys picta FROM 
EASTERN TENNESSEE 
Measurements are in mm. 


Carapace | Plastron 
Coll. No. | Sex| Color of Plastron 
3 | 
=| # leas 
Ae 
RMJ-444 ? ee .. | 46] 28 | Immaculate yel- 
low 
RMJ-living | ? 46| 46] 41] 24 | Immaculate yel- 
low 
RMJ-452 | 95} 73] 87] 45 | Immaculate yel- 
low 
RMJ-453 | 92] 74] 86] 51 | Immaculate yel- 
low 
CPP-2 108} 82] 97 Immaculate yel- 
low 
CPP-1 Q | 122] 98 113 Immaculate yel- 
low 
RMJ-452-2 Q | 142 | 114 | 132 | 67 | Immaculate yel- 
low 
RMJ-214 o | 114} 80] 104] 55 | Yellow, with 
central dusky 
figure; 21 mm. 
at widest point 
RMJ-214-2 o | 54] 49] 49] 28 | Yellow, with 
central dusky 
figure; 4.2 mm, 
at widest point 
RMJ-452-3 | 126] 90] 114] 61 | Yellow, with 
outline of cen- 
tral dusky 
figure; 30 mm. 
at widest point 
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specimens discussed in this paper have the dorsal 
stripe narrower than the stripes of the forelegs. 

On the basis of key characters alone (Carr, of. 
cit: 214) specimens RMJ-214, RMJ-214-2, and 
RMJ-452-3 would be identified as C. p. marginata, 
and the remaining specimens as C. ». picta, if the 
slight alternation of the seams of the carapace 
laminae is not interpreted as a C. p. dorsalis char- 
acter. In the author’s opinion, this a natural rather 
than a relict population of C. p. picta, with inter- 
gradation between it and C. p. marginata, at least, 
indicated. 

The range of sizes of the carapace lengths is 
accepted as presumptive evidence that these indi- 
viduals came from a naturally breeding population 
and were not transported to eastern Tennessee by 
human agency. C. p. picta could enter eastern Ten- 
nessee via the Powell, Clinch, Holston, French 
Broad-Nolichuky Rivers or over the Coosa River 
divide from northern Georgia. C. ». marginata 
could enter via the Powell, Clinch, or Holston Rivers 
or over the Cumberland drainage divide. More 
extensive collections and field investigations are 
necessary before the exact systematic status of the 
eastern Tennessee population of Chrysemys can 
be determined. 

Specimens RMJ-214 are from Laurel Lake, 
Blount County; specimens RMJ-444, RMJ-453, 
and RMJ-living are from McMinn County; speci- 
mens RMJ-452 are from Rhea County. 

I wish to thank Dr. Archie F. Carr, Department 
of Biology, University of Florida, and Dr. Fred R. 
Cagle, Department of Zoology, Tulane University, 
for criticizing this manuscript. My thanks also to 
Mr. Arthur Stupka, Great Smoky Mountains 
National Park, for permission to examine material 
in the Park collection—RicHarp M. JoxNson, 
Department of Biology, Tennessee Wesleyan College, 
Athens, Tennessee. 


NOTES ON THE BEHAVIOR OF THE 
LIZARD ANOLIS CAROLINENSIS.—That Ano- 
lis carolinensis may actively protect its territory 
was suggested by observation on an individual at 
Trilby, Florida, in the summer of 1953. 

As I was leaving my quarters (a house raised on 
pillars) and came onto the back steps, I saw a male 
anolis scamper along a wall and stop after moving 
about 5 feet. His original position was over a jar 
containing about a dozen swifts (Sceloporus undu- 
latus) that I had collected the day before. After a 
few minutes the anolis turned around and faced 
the jar and began to bob and show his dewlap. 
Then by a series of short dashes he made his way 
along the wall to a point immediately above the 
jar. Between dashes he often stopped to bob and 
show his dewlap; a gesture seerningly directed 
toward the swifts in the jar and not me. At the 


point on the wall over the jar, the anolis remained 
for about 10 minutes and carried on the bobbing 
and strutting action. Most of the time he seemed 
to be watching the jar, but occasionally he looked 
around. 

After this period of display, the anolis approached 
to within a foot of my side, looked me over, and 
then dashed to my other side by going behind me. 
Following this, he went slowly across the wall of 
the house in a fashion that suggested a cat stalking 
its prey. The lizard continued this stalking gait, and 
then went between two boards at the base of the 
house. 

In a few minutes he reappeared, this time making 
his way rapidly toward the opposite side of the 
house. Then by a series of short dashes he worked 
his way along a board for a distance of about 5 
feet. In front of the anolis I caught sight of a skink 
(Eumeces sp.) resting on another and lower board. 
The skink dropped out of sight among some rocks, 
and the anolis scampered to that point and again 
displayed his dewlap and bobbed up and down. 
Finally he crawled into a crack above where the 
skink had been, and remained there until it began 
to rain. Here he seemed to be watching for the reap- 
pearance of the skink. 

During the entire performance it seemed that 
the anolis might have been trying to hold or estab- 
lish a territory—Frep G. THompson, Cleveland 
Museum of Natural History, Cleveland, Ohio. 


ADAPTATION TO FEEDING IN THE 
SNAKE CONTIA TENUIS—The biology of 
Contia, one of the less commonly collected snakes 
of the Pacific Coast region, has been little inves- 
tigated. Recently Stickle (1951, Herpetologica 7: 
126) called attention to the relatively long teeth 
present in Contia, and Darling (1947, Herpetologica 
4: 28) recorded the presence of slugs in the stomachs 
of six of 23 specimens examined. The purpose of the 
present note is to correlate these observations. 

Contia appears to be primarily a slug eater. 
Feeding upon both slugs and slug eggs has been 
observed in captivity, while insect larvae and pupae 
(mealworms and noctuid caterpillars) were not 
taken. The slender salamander (Batrachoseps at- 
tenuatus) was likewise ignored by Contia which I 
have kept captive, though Mr. William Woodin 
(in litt.) reports an instance of the disappearance of 
a Batrachoseps from a container which also held a 
Contia, the snake presumably having eaten the 
salamander. The long, recurved teeth of Contia 
seem to be a specialization for grasping and holding 
the slippery mollusks on which it feeds; they enable 
the snake to overcome a slug which, in the con- 
tracted state, has a diameter greater than that of 
the snake’s head. 

When the dentition of Contia is compared with 
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2um 
Fig. 1. Right maxilla of amabilis 


(upper) and Contia tenuis (lower). 


that of a more typical colubrid, such as Diadophis 
amabilis (Fig. 1), the extent of the specialization 
becomes obvious. Diadophis amabilis and Contia 
tenuis co-exist in the same habitat throughout much 
of their respective ranges and may even be found 
under the same piece of cover. Diadophis, wherever 
Batrachoseps occurs, feeds primarily on that sala- 
mander. So, despite their similarity in habitat and 
general body form and size, there is probably little 
competition for food between Contia and Diadophis, 
these snakes operating, in the Eltonian sense, in 
different ecologic niches.—RicHarp G. ZWwEIFEL, 
Museum of Vertebrate Zoology, University of Cali- 
fornia, Berkeley, California. 


EGGS OF THE SALAMANDER 4AM- 
BYSTOMA JEFFERSONIANUM IN THE 
CHICAGO AREA.—Eggs of Jefferson’s sala- 
mander, Ambystoma jeffersonianum, were vainly 
sought in a small vernal pond one early spring day 
in 1952. This pond had been sampled in most years 
since 1942 and was of interest in that the only 
salamander larvae ever collected from it were those 
of A. jeffersonianum. Other local ponds contain 
larvae of this form as well as those of A. maculatum 
and, occasionally, A. tigrinum. Since Ambystoma 
egg masses were clearly evident in other ponds on 
this occasion (a fraction of which were presumed to 
be egg masses of Jefferson’s salamander), their 
apparent absence in this pond precipitated an 
intensive search. It is with some embarrassment 
that, at this late date, the observation is publicized 
that in the Chicago area Jefferson’s salamander 
typically lays its eggs singly, in pairs, or in small 
groups attached to leaves and litter on the bottom 
of ponds, 


Several days later, in early April, a survey was 
made of about fifty woodland ponds from which 
larvae or adults of A. jeffersonianum had been 
collected in the past. These ponds were distributed 
from Lake Bluff to west of Lake Forest and south 
along the Des Plaines River area to Palos Park, 
Illinois. This survey revealed that the egg-laying 
habits of Jefferson’s salamander throughout this 
area are identical with those described above. Also, 
in the early spring of 1953 a specimen was removed 
to a laboratory tank where its possibly modified 
oviposition occurred. Eggs were deposited on the 
glass bottom or on litter as the animal walked 
about; there appeared to be no selection for egg 
attachment sites. Apparently the widespread cover- 
age of pond bottoms with eggs may be accomplished 
in the field in a similar way. 

Previously we had been accustomed to assume 
that in the Chicago area eggs of A. jeffersonianum 
are laid in masses, containing from 7 to 40 eggs, 
with 16 as an approximate average, as obtains in 
the east (Bishop, 1943, Handbook of Salamanders: 
135; Pope, 1944, Amphibians and Reptiles of the 
Chicago Area: 32). Similarly, it was also assumed 
that the eggs of this form are attached to upright 
sticks or stems just below the surface of the pond. 
Apparently neither assumption is valid for this 
area.—W. T. STILLE, Saunders Road, Lake Forest, 
Illinois. 


SUBSPECIFIC IDENTITY OF CROTALUS 
HORRIDUS IN WASHINGTON COUNTY, 
MISSOURI.—In late July of 1953, I had the op- 
portunity to examine two freshly killed rattlesnakes 
from the southwestern part of Washington County, 
Missouri. In view of the fact that these snakes will 
probably not be available for future taxonomic 
studies, I have considered it best to place on record 
my notes concerning them. The rarity of Crotalus 
in eastern Missouri has prompted this action. 

Both specimens have the following characteristics 
in common: 26-25-21 dorsal scale rows; poorly de- 
veloped postocular stripes; ground color pale grey 
with strongly contrasting crossbands. The smaller 
of the two, a male, was killed in T38N, RIE, 
Sec. 18. Its tail length was 89 mm., total length 
1181 mm. It had 24 caudals and 168 ventrals. The 
crossbands were decidedly chevron shaped; the 
anterior lateral blotches had light centers. There 
was a well defined mid-dorsal stripe throughout the 
length of the body. The larger specimen, a female, 
was killed in T37N, R1W, Sec. 17. The tail length 
was 92 mm., total length 1281 mm. It had 27 caudals 
and 166 ventrals. The crossbands were not chevron 
shaped; the anterior lateral blotches were without 
decidedly light centers. A reddish-brown mid- 
dorsal stripe was present but it was faintly indi- 
cated. 
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Unless future work in this locale proves otherwise, 
I believe it best to recognize these snakes as Crotalus 
h. horridus X C. h. atricaudatus. 

Gloyd (1940, Special Publ. Chicago Acad. Sci., 
No. 4) reported specimens intermediate between 
horridus and atricaudatus from southern Illinois and 
southeastern Missouri. He thought it possible that 
intergrades would be discovered in additional local- 
ities around the edge of the Ozark Plateau. The 


specimens described herein tend to substantiate his 
views. 

Iam indebted to Bill Fowler, the Jefferson County 
Conservation Agent, for obtaining the exact local- 
ities in which the snakes were killed. Both snakes at 
the present time are in the possession of Chester 
Negim of Potosi, Missouri—CHartes W. Myers, 
4742 Leduc, St. Lowis 13, Missouri. 


EprroriaL Notes anp News 


FINANCIAL REPORT FOR CALENDAR YEAR 1953 


By Coleman J. Goin, Treasurer 


CHECKING ACCOUNT 


Balance on hand, Citizen’s Bank of Gainesville, Jan. 1, 1953. $2,216.33 
Receipts 
Memberships received 
Advance dies for-1954 atid 3,395.92 
5,258.66 
Subscriptions 
2,088.50 
Back numbers of CopeiA sold (from Publications Secretary). 1,011.57 
Contributions 
Cant (Prices, ich. pap.; West. Divi) 40.00 
L. M. Krauser (Prizes, herp. pap., West 40.00 
From members (Towards publications costs)... 45.00 
125.00 
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Refund from New York Local Committee 


Expenditures and disbursements 
Cost of publication of CopErA 


Stenographic services 

Postage and incidentals 

Travel expenses 

Contributions 

Remittance of 40 pounds to Zoological Society to assist in publication 

Prizes awarded at Annual and Western Division meetings 

GerorceE C. Wittrams (Western 15.00 

Bayarp H. Bratrstrom (Western 15.00 

Final Payment on Herpetological: Check’ List 


Purchase of back numbers for Publications Secretary 


20.14 


224.41 


320.14 
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Balance o 


Total... 
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40.86 
Postage refund from Henry Hudson Hotel 
“Tot .. $13,865.61 
7,243.18 
449.61 
190.40 
113.60 
764.50 
145.00 
356.78 
5.85 
57.00 
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ENDOWMENT Fonp 
Balance on hand, First Federal Savings and Loan Association, Jan. 1, 1953................ $175.00 
Received from members for life memberships. ..................cccccccccccccccecceecces 450.00 
Balance on hand, First Federal Savings and Loan Association, Dec. 31, 1953............. $733.15 
REVOLVING RESEARCH FuND 

Balance on hand, Florida Bank of Gainesville, Jan. 1, 1953. $620.25 
Grant to Messrs. K. RreMER and RICHARD G. eee 200.00 
Leaving Balance on hand, Florida Bank of Gainesville, Dec. 31, 1953.................. $420.25 


ERMANENT head- 
ford University VANDERBILT FOUNDATION, 
a newly formed scientific 
research organization, have been established at 
the Stanford Natural History Museum. Announce- 
ment of the research center, which is now engaged 
primarily in fish studies, was made on June 22 by 
Stanford President WaAttace STERLING, who 
added that ichthyologists of both the University 
and the Foundation expect to benefit greatly from 
their collaboration in research work. 

Several expeditions for collecting Pacific Ocean 
fishes have been sponsored in the last three years 
by GrorGE VANDERBILT of Honolulu, some of 
them jointly with government agencies. Plans for 
the Foundation were laid on the first expedition 
to Polynesia by VANDERBILT, himself an accom- 
plished scientist and explorer, and three companions 
—Vernon E. Brock, Dr. Eart S. HERALD, and 
Dr. Ropert R. Harry. The initial task of the 
Foundation, the four decided, should be to gather 
urgently needed information about the fishes of 
the South Pacific and make it available through 
publication. As now established, the Foundation’s 
trustees are VANDERBILT, HERALD, and Harry. 
Dr. Harry will also serve as director at the Stan- 
ford campus headquarters. In addition the Founda- 
tion has offices-in Philadelphia and Honolulu. 

Another current educational project of the 
Foundation is a Honolulu television program, “The 


Hawaiian Picture,” for which VANDERBILT is both 
producer and narrator. It is sponsored by the 
Bishop Museum of Honolulu. The Hawaiian TV 
program is modeled after the California Academy 
of Sciences’ prize-winning “Science in Action” 
telecasts, which originate in San Francisco with 
Dr. Heratp as _ host-scientist. Kinescopes of 
“Science in Action” are telecast in Honolulu also, 
just following the airing of “The Hawaiian Picture.” 

Dr. Jay M. Savace, who received his PhD in 
August, spent the summer reorganizing the herpeto- 
logical collections at the Academy of Natural 
Sciences of Philadelphia. 

Investigations on arctic Alaskan waters by 
Norman J. Witrmovsky were assured for the fourth 
consecutive year through receipt of grants from 
the Arctic Institute of North America and an 
extension of an Office of Naval Research contract. 
Research has been directed toward a study of the 
fish fauna and basic biological productivity. Base 
of operations again were the Navy’s Arctic Research 
Laboratory, Point Barrow, Alaska. Mr. WILI- 
MOVSKY was assisted in the field by H. Apatr 
FEHLMANN and Dante M. Cowen, also of Stan- 
ford University, both of whom have had previous 
experience in this region of the arctic. This year, 
investigations centered around studies on the 
deeper waters (ice conditions permitting) and 
on the possible nutritive effect of ice-melt waters 
on the productivity of the ocean. 

Dr. Donatp E. Woutscuiac and his assistant, 
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Warren G. FREIHOFER, spent the summer in the 
Alaskan Arctic studying the nature of arctic coastal 
and freshwater salmonoid fish populations. Experi- 
ments were undertaken to determine the existence 
of metabolic differences between the “fat” lake 
forms of Leucichthys sardinella and the “skinny” 
estuary populations. Extensive collections were 
made from several lake-stream-estuary systems for 
comparative growth and morphological analyses. 
The research was sponsored by the Arctic Institute 
of North America with the base of field operations 
at Point Barrow, Alaska. 


HE origin of snakes 

(1951, Biol. Rev. Cam- 
bridge Philosoph. Soc., 26 
(2): 193-237), by A. p’A. Bellairs and Garth Under- 
wood, has been reprinted and may be obtained at 
cost plus mailing charges. Postpaid prices of this 
44-page article are as follows: 1 copy $0.35; 2, 
$0.67; 3, $0.95; 4, $1.23; 5, $1.55; 6, $1.83; 7, $2.11; 
8, $2.39; 9, $2.67; 10, $2.99. Since these reprints are 
being sold at cost, payment must accompany each 
order; billings can not be made. Orders should be 


News 
Notes 


sent to NormAN Hartwec, 2506 Geddes Avenue, 
Ann Arbor, Michigan. 

In continuation of his studies of the fishes of the 
Western Indian Ocean, Proressor J. L. B. Smita 
of Rhodes University, Grahamstown, South Africa, 
has left on an expedition designed to cover parts of 
the Kenya coast but mainly the islands north of 
Madagascar. The main base of the expedition will 
be the Seychelles group and from there they will 
operate over an extensive area in small vessels work- 
ing at the numerous reefs and islands that lie just 
south of the Equator. It is PRorEssoR Sm1TH’s aim 
to produce a comprehensive work on the fishes of 
the Western Indian Ocean, which have been very 
largely unknown. Among other objects is the prepa- 
ration of a book on the fishes of East Africa on the 
lines of his well known Sea Fishes of Southern Africa, 
to which it is intended to be a companion volume. 
PROFESSOR SMITH will be accompanied by his wife, 
who has become equally well known for her ex- 
cellent illustrations, and-who is an experienced and 
able field worker and collector of fishes. They expect 
to continue their operations until early next year. 


Omissions from the Sixth Edition of the Check List of North American Amphibians 
and Reptiles 


The stated deadline for consideration of published material in the sixth edition of the Check List of North 
American Amphibians and Reptiles was December 31, 1951. The final manuscript was delivered to the 
University of Chicago Press on November 1, 1952, and the first printed copies were available July 23, 1953. 
Through the efforts of D. Dwight Davis, the chairman of the check-list committee, two unbound copies 
reached my hands on that date while Mrs. Schmidt and I were waiting for the train to take us to New 
York en route to Europe. In the course of seeing the manuscript through the press, I freely corrected and 
amended the proof; but it could be discerned from the number of additions required that there might well 
be other omissions that failed to come to my attention. 

Among the numerous corrections, additions, and criticisms received from my colleagues since the distri- 
bution of the Check List, there are four outright omissions of forms regarded as valid, and a much larger 
number of minor defects than I had anticipated, though perhaps no larger than I had feared. I am indebted 
especially to Charles M. Bogert, Joseph A. Tihen, Bryce Brown, Robert H. Ahrenfeldt, and M. B. Mittle- 
man for corrections and additions. I wish to thank also the large number of other colleagues who have sent 
lists of printer’s errors, lapses of my own, and additions, and who have offered corrections and additions 
to the statements of range. They may rest assured that, should there be a seventh edition of the Check 
List, their suggestions will contribute notably to improvements over the sixth. There are already extensive 
additions and revisions in the 1952 and 1953 literature. It was disconcerting to find that my check of type- 
localities failed during proof-reading. I have listed the omitted ones for those who may wish to annotate 
their copies. 


Subspecies omitted from the Check List 


Gerrhonotus coeruleus utahensis Woodbury 


Gerrhonotus coeruleus utahensis Woodbury, 1945, Proc. Biol. Soc. Washington, 58: 6, pl. 1.—Sink Valley, south of Alton, about 
20 miles north of Kanab, Kane County, Utah (about 6500 feet alt.). 


Range.—Southern Utah. 


Common name.—Utah alligator lizard. 


Gerrhon 
Elgaria 

Rit 

Elgaria 
Range. 
northern | 


Commo 


Thamno 


Thamn 
Tr 


Range.- 


Commo 


Salvador 
Salvado 

Vic 
Range.- 
southeast 


Commo 


Anniella’ 

This 
Coluber I 
Dr. I 
proper all 
a photogr 
nella doli« 
satisfacto 


p. 31 


p. 110 


p. 140 


p. 156 


yut 


~~ 


EDITORIAL NOTES AND NEWS 305 


Gerrhonotus kingi nobilis Baird and Girard 


Elgaria nobilis Baird and Girard, 1852, Proc. Acad. Nat. Sci. Phila., 6: 129.—Fort Webster, copper mines of the Gila (Santa 
Rita del Cobre), New Mexico. 
Elgaria kingii nobilis Tihen, 1948, Trans. Kansas Acad. Sci., 51: 300. 


Range.—Central and southern Arizona, and southern New Mexico, intergrading with kingi kingi in 
northern Chihuahua. 


Common name.—Arizona alligator lizard. 


Thamnophis sirtalis annectens Brown 


Thamnophis sirtalis annectens Brown, 1950, Check list rept. amphib. Texas, p. 203.—Boggy Creek, one mile east of Austin, 
Travis County, Texas. 


Range.—Central and north central Texas, probably also southern Oklahoma. 


Common name.—Texas garter snake. 


Salvadora hexalepis mojavensis Bogert 


Salvadora hexalepis mojavensis Bogert, 1945, Amer. Mus. Novitates, 1285: 6, fig. 5-9.—Deadman Point, 11.5 miles southeast of 
Victorville, San Bernardino County, California. 
Range.—Principally the Mojave Desert; from Washington County, Utah, and Washoe County, Nevada, 
southeast to San Bernardino County, California and Coconino County, Arizona. 


Common name.—Mojave patch-nosed snake. 


Synonyms omitted from the Check List 
Anniella texana Boulenger, 1887, Ann. Mag. Nat. Hist., (51, 20: 50).—El] Paso, Texas (in error); desig- 
nated as San Diego, San Diego County, California. 

This is plainly a synonym of Anniella pulchra pulchra. 

Coluber Dumfrisiensis Sowerby, 1804, The British Miscellany, p. 5 (pl. 3).—Dumfrieshire, Scotland (in 
error); designated as Charleston, South Carolina. 

Dr. R. H. Ahrenfeldt, of Binsted Place, near Alton, Hampshire, England, wrote me in 1953 as to the 
proper allocation of this name, and as the British Miscellany was not available in Chicago, kindly sent me 
a photographic copy of the plate illustrating it. Boulenger referred dum/frisiensis to his broad species, Coro- 
nella doliata. Inspectiun of the plate in question makes the reference to Cemophora coccinea much the most 
satisfactory disposal of this name. 


Type localities omitted from the Check List 


p. 31 Desmognathus monticola jeffersoni Hoffman 
Type locality. —Saddle Hollow on Jarman’s Mountain, 2 miles west of Crozet, Albamarle County, 
Virginia. (The reference should read volume 67.) 


p. 97 Malaclemys terrapin littoralis Hay 
Type locality.—Rockport, Texas. 
p. 110 Trionyx ferox hartwegi Conant and Goin 
Type locality.—Wichita, Sedgewick County, Kansas. 
p. 140  Gerrhonotus liocephalus Wiegmann 
Type locality.—Mexico. 
p.140 Gerrhonotus liocephalus infernalis Baird 
Type locality.—Devil’s River, Texas. 
p.148 Plistodon striatus Abbott 
Type locality.—New Jersey (reference not seen). 
p.156 Leptotyphlops humilis utahensis Tanner 
Type locality.—Saint George, Washington County, Utah. (The reference should read volume 
15, p. 149.) 


p. 166 Storeria occipitomaculata Storer 
Type locality—Amherst, Massachusetts. 
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Diadophis punctatus laetus Jan 
Type locality.—Unknown; designated as Sonora, Mexico. 
p. 205 Ophibolus evansi Kennicott 
Type locality.—Prairies of Central Illinois. 
p. 205 Coronella tigrina Jan 
Type locality.—Gold Coast? (in error); designated as vicinity of St. Louis, Missouri. 
p. 206 Coronella sayi Holbrook (nec Schlegel) ° 
Type locality.—Mississippi Valley, restr. to Hot Springs, Arkansas. 
p. 212 Rhinocheilus lecontet clarus Klauber 
Type locality.—Borego Valley, San Diego County, California. 
p. 212  Ablabes purpureocauda Gunther 
Type locality.—California, restr. to San Jose, California. 
p. 225 Ancistrodon piscivorus Lacépéde. 
Type locality.—Carolina, restr. to Charleston, South Carolina. 
p. 225 Toxicophis pugnax Baird and Girard 
Type locality.—Indianola, Texas. 


p. 228 Crotalus durissus var. Melanurus Jan 
Type locality.—South Carolina: 


p. 235 Crotalus cerastes laterorepens Klauber 
Type locality —The Narrows, San Diego County, California. 


—Kart P. Scumuwt, Chicago Natural History Museum, Chicago 5, Illinois. 


INDEX TO SCIENTIFIC NAMES 
1954 Nos. 1-4 


New names and their principal references are printed in bold face type 


Abastor, 88-92 Gambusia affinis, 234 
erythrogrammus, 87, 92 Pituophis catenifer, 230 
Ablabes purpureocauda, 306 agassizi, Gopherus, 61-2 
Abudefduf hispidus, 7 agilis, Lacerta, 113 
lineatus, 7 Mabuya, 108 
septemfasciatus, 7-8 Agkistrodon blomhoffi, 67 
sordidus, 7-8 contortrix mokeson, 67 
Acanthocybium solandri, 3, 182, 185, 187 halys, 67 
Acanthodactylus vulgaris, 225 blomhoffi, 67 


Acanthurus fulginosus, 7-8 
glaucopareius, 8 
guttatus, 8 
lineatus, 8 
mata, 8 
triostegus, 6, 8 


paludicola, 228 

aculeatus, Gasterosteus, 242 

Rhineacanthus, 7-8 
acuminatus, Heniochus, 8 
acutus, Crocodilus, 108 
adamanteus, Crotalus, 158, 229 
aeneus, Aneides, 296-7 
affinis, Cheilodipterus, 74-5 

Euthynnus, 14-5 

Gambusia, 271 


brevicaudus, 67 
intermedius, 67 
stejnegeri, 67 
ussuriensis, 67 
Ahaetulla, 59 
ahula, Scarus, 154-5 
alalunga, Germo, 183 


albacares, Neothunnus, 181, 183-4, 187, 292 


albacora, Neothunnus, 292 
Thunnus, 14, 16 
albolabris, Triodopsis, 159 
albomarginatus, Cephalopholis, 8 
albovittata, Stethojulis, 
Albula vulpes, 8 
albus, Lupinus, 5 
Alectis crinitus, 293 
algirus, Psammodromus, 225 
alletteratus, Euthynnus, 181, 187 
Alligator mississipiensis, 222-3 
Alloclinus, 17 
holderi, 17, 19 
Alosa, 243 
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alpinus, 
Alsophis, 
anguli 
angi 
ater, 1 
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Alutera 
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Anolis ca 
caro 
garma 
opalin 
Anypero: 
Aphredoi 
sayant 
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Amphiur 
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Anchylo. 
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piscive 

Aneides, 

aeneus 
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Anguillic 

baham 
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Anguispi 
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Alsop 

Epicra 

 Anisotre 
annecten 

Tham 

—  Anniella 

Acris, 218, 227 amu 
crepitans, 157 annulata 
gryllus blanchardi, 228 annulatu 

crepitans, 228 
dorsalis, 59 


alpestris, Salmo clarki, 120 
alpinus, Salvelinus, 117-22, 243 
Alsophis, 59-60 
angulifer, 59 
angulifer, 59 
ater, 110 
alternata, Anguispira, 63, 159 
Alutera scripta, 8 
amabilis, Diadophis, 300 
Notropis, 155, 195 
amaura, Lampropeltis doliata, 229 
ambiguus, Parathunnus, 184 
Ambloplites, 195 
rupestris, 189 
rupestris, 69-70 
Ambystoma, 65, 156, 217, 300 
jeffersonianum, 76, 156-7, 223, 300 
maculatum, 64-5, 156-7, 300 
sp., 217 
tigrinum, 67, 300 
mavortium, 60 
nebulosum, 223 
tigrinum, 156-7 
Ameiurus, 191, 195, 285 
nebulosus, 191-2, 194 
nebulosus, 243 
Ameiva dorsalis, 108 
sloanei, 108 
americana, Morone, 75, 154 
Tilia, 40 
americanus, Bufo terrestris, 41, 251, 255-6 
X woodhousei fowleri, 251 
Crocodilus, 108 
Esox, 243 
Amphiodon, 243 
Amphiuma means means, 
ampla, Makaira nigricans, “32, 186-7 
Anchylorana, 86 
Ancistrodon contortrix laticinctus, 229 
mokeson, 229 
piscivorus, 229, 306 
Aneides, 297-8 
aeneus, 296-7 
anguillaris, Plotosus, 153 
Anguillichthys, 12 
bahamensis, 12 
anguinus, Proteus, 200 
Anguispira alternata, 63, 159 
angulifer, Alsophis, 59 
Alsophis angulifer, 59 
Epicrates, 229 
Anisotremus surinamensis, 76 
annectens, Pituophis catenifer, 230 
Thamn»phis sirtalis, 305 
Anniella pulchra pulchra, 305 
texana, 305 
annularis, Pomoxis, 236 
annulata, Lampropeltis doliata, 230 
annulatus, Corallus, 229 
Anolis carolinensis, 299 
carolinensis, 59 
garmani, 108 
108 
leucogrammicus, 8 
edoderus, 69 
sayanus, 69 
Aplodinotus, 287 
grunniens, 286-8 
arab, Plotosus, 153 
arbore, Zonitoides, 63 
areolata, Rana, 219 
areolatus, Epinephelus, 8 


INDEX 


307 


argus, Cephalopholis, 4, 8 
Eremias, 67 
Sphaerodactylus, 109 
Sphaerodactylus argus, 109 

Arion, 
circumscriptus, 62 
hortensis, 62-3 

Armadillidium 63 

Arothron 
meleagris, 
nigropunctatus, 7 

Artemia, 65 

asellus, Oniscus, 63 

asper, Cottus, 25-8 

ater, Alsophis, 110 
Dromicus, 110 
Leimadophis, 110 

atherinoides, Notropis, 190 

atlantica, Megalops, 162 

atlanticus, Parathunnus, 181, 183, 187 
Tarpon, 71 
Thynnus, 183 

atra, Naja naja, 230 
Natrix, 110 

atratus, Thamnophis elegans, 45 

atricaudatus, Crotalus horridus, 159, 301 
x horridus, 301 

atrisignis, Cypselurus, 8 

atromaculatus, Semotilus, 155, 284-5, 288 

atrox, Crotalus, 229 

attenuatus, Batrachoseps, 299 

auratus, Carassius, 191 

aureolum, Moxostoma, 132 

aureolus, Salvelinus, 117, 120 

auriga, Chaetodon, 8 

aurolineatus, Gnathodentex, 8 

aurora, Rana, 86-7 

axillaris, Stethojulis, 8 

aya, Lutjanus, 75 

azteca, Hyallela, 27 

aztecus, Penaeus, 153 


Baccharis, 112 

Bagre marinus, 162 

bahamensis, Anguillichthys, 12 
Stilbiscus, 12 

bailloni, Trachinotus, 8 

Bairdiella icistius, 272 

balteatus, Richardsonius, 27, 278-81 
X Mylocheilus caurinum, "280-1 
X Ptychocheilus oregonense, 279 
Richardsonius balteatus, 278, 280 

X Mylocheilus caurinum, 278 

Thynnus, 183 

barbatula, Cobitis, 191 

barberinus, Parupeneus, 8 

barborus, Scarus, 155 

barbouri, Eunectes, 229 

barracuda, Sphyraena, 180-1, 187 

basiliscus, Crotalus basiliscus, 229 

batabiensis, Callyodon, 8 

Batrachoseps, 299-300 
attenuatus, 299 

Belone platyura, 8 

bennetti, Chaetodon, 8 

berlandieri, Gopherus, 62 
Rana, 207-11, 255-6 

beryllina, Menidia, 162 

bicolor, Loxocemus, 230 

bilobatus, Cnemidophorus, 

bislineata, Eurycea, 95, 201, 2 
Eurycea bislineata, 96 
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bivittatus, Python molurus, 230 
Blarina brevicauda, 159, 288 
blanchardi, Acris gryllus, 228 
Blennius, 135, 138 
cristatus, 138 
favosus, 138 
fucorum, 138 
marmoreus, 138 
nicholsi, 135, 136-9 
normani, 138 
pilicornis, 138 
stearnsi, 138 
vinctus, 138 
blomhoffi, Agkistrodon, 67 
Agkistrodon halys, 67 
Boa constrictor constrictor, 229 
imperator, 229 
bohar, Lutjanus, 7-8 
Boiga dendrophila, 229 
Boleosoma, 243 
bombifrons, Scaphiopus, 97, 217-8, 254-6 
Scaphiopus hammondi, 97-9 
Spea, 217 
Bombina orientalis, 66 
Borborocoetes, 53 
boreas, Bufo, 85 
Bufo boreas, 197-200 
Bothus mancus, 7-8 
pantherinus, 8 
boylei, Rana, 86-7 
Rana boylei, 86 
Brachydanio rerio, 150 
brazosensis, Notropis, 155 
brevicauda, Blarina, 159, 288 
brevicaudus, Agkistrodon halys, 67 
brevis, Cypselurus, 8 
Fundulus parvipinnis, 234-5 
Brevoortia, gunteri, 19 
patronus, 19 
sp., 19 
tyrannus, 19 
brooksi, Lampropeltis getulus, 59, 230 
brunnea, Hyla, 106 
Hyla septentrionalis, 106 
bubalus, Ictiobus, 132, 190 
Bufo, 198-200, 217-8, 221, 251-2 
boreas, 85 
boreas, 197-200 
cognatus, 207-11, 221 
mauritanicus, 225 
nestor, 85 
punctatus, 157 
quercicus, 59 
sp., 85 
terrestris americanus, 41, 251, 255-6 
X woodhousei fowleri, 251 
copei, 226 
viridis, 225 
woodhousei fowleri, 210, 218 
X terrestris americanus, 251 
woodhousei, 218, 221 


calcitrans, Eleutherodactylus, 49 
Calianassa, 151 
californiae, Lampropeltis getulus, 230 
callarias, Gadus, 150 
Callisaurus, 220 

draconoides gabbi, 39 
Callyodon bataviensis, 8 
campi, Syrrhophus, 50, 54 
Camponotus leanus, 63 
canadensis, Cercis, 40 
cantabrigensis, Rana sylvatica, 227 


capistrata, Natrix, 110 
capito, Rana, 219 
Carangoides ferdau jordani, 8 
Caranx, 3, 292 
crysos, 292-3 
hippos, 292-3 
lugubris, 7-8 
melampygus, 7-8 
sexfasciatus, 7-8 
ruber, 292-3 
Carassius auratus, 191 
carbonaria, Testudo, 107 
Carcharhinus longimanus, 180-1, 187 
Carcharias taurus, 29: 
carcharias, Carcharodon, 295 
Carcharodon carcharias, 295 
Caretta caretta, 107 
caretta, 68, 157-8 
caretta, Caretta, 107 
Caretta caretta, 68, 157-8 
Testudo, 107 
carinatum, Moxostoma, 132 
carinatus, Leiocephalus carinatus, 64 
carolinensis, Anolis, 299 
Anolis carolinensis, 59 
Desmognathus ochrophaeus, 297 
Microhyla, 158 
carpio, Cyprinus, 132, 193-4 
Carya ovata, 40 
caryophyllaceus, Eleutherodactylus, 49 
Syrrhophus, 49 
cascadae, Rana aurora, 86 
castaneus, Ichthyomyzon, 127-34 
catenatus, Sistrurus, 230 
catenifer, Pituophis catenifer, 230 
catesbeiana, Rana, 86-7, 157, 218 
Catonotus, 243 
Catostomus catostomus catostomus, 243 
commersoni, 73, 283, 288 
catostomus, Catostomus catostomus, 243 
catus, Ictalurus, 153 
caurinum, Mylocheilus, 278-81 
X Ptychocheilus oregonense, 278-9 
X Richardsonius balteatus, 280-1 


X_Richardsonius balteatus balteatus, 278 
cavalla, Scomberomorus, 182, 187, 232, 292 


Celestus occiduus, 109 
occiduus, 109 
Cemophora coccinea, 305 
Centaurea, 224 
cepedianum, Dorosoma, 242 
Cephalopholis albomarginatus, 8 
argus, 4, 8 
miniatus, 8 
Ceratophrys dorsata, 99 
ornata, 99 
Cercis canadensis, 40 
Chaetodon auriga, 8 
bennetti, 8 
ephippium, 7-8 
lunula, 8 
ornatissimus, 8 
setifer, 8 
trifasciatus, 8 
unimaculatus, 7 
Chalcides ocellatus, 225 
tridactylus, 225 
Chara, 277 
Chauliodus macouni, 75 
sloanei, 76 
Cheilodipterus, 74 
affinis, 74-5 
Chelonia mydas, 107 
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Cheonda, 278 
cooperi, 278, 281 
Chilabothrus inornatus, 110 
Chironomus, 237-8 
Chlorochytrium, 65 
chlorosomum, Etheostoma, 69 
Chrysemys, 299 
picta, 298 
dorsalis, 298-9 
marginata, 298-9 
picta, 298-9 
chrysops, Morone, 154 
Cichlasoma cyanoguttatum, 162 
cyanoguttatum, 195 
cinereus, Conger, 8 
Plethodon, 65 
Plethodon cinereus, 41-3, 60 
Sorex, 288 
circumscriptus, Arion 
clamitans, Rana, 41, 18, 219, 227, 252 
clarki, Salmo, 120-1; 124 
clarus, Rhinocheilus ‘lecontei, 306 
clemsonae, Plethodon, 33 
Clupea harengus, 140, 150 
pallasi, 139-40, 143, 146-7, 149-50 
Cnemidophorus bilobatus, 262 
lemiscatus, 260 
lemiscatus, 260 
ruatanus, 260 
sexlineatus, 229 
tigris multiscutatus, 39 
Cobitis barbatula, 191 
coccinea, Cemophora, 305 
Coelopeltis monspessulanus, 226 
cognatus, Bufo, 207-11, 221, 
collei, Cyclura, 108 
Coluber, 59 
constrictor flaviventris, 157 
Duntfrisiensis, 305 
hippocrepis, 225 
commersoni, Catostomus, 73, 283, 288 
concolor, Ichthyomyzon, 128 
Conger cinereus, 8 
Coniophanes, 59 
constrictor, Boa constrictor, 229 
Contia, 299-300 
tenuis, 299-300 
continentalis, Ungaliophis, 230 
cooki, Corallus enydris, 22 
cooperi, Cheonda, 278, 281 
Synaptomys, 159 
copei, Bufo terrestris, 226 
corallinum, Cryptotrema, 17-9 
Corallus annulatus, 229 
enydris cooki, 229 
Coregonus, 243 
coriacea, Dermochelys, 68 
Cornus florida, 40 
cornutum, Phrynosoma, 262-3 
Coronella doliata, 305 
dumfrisiensis, 305 
sayi, 306 
tigrina, 306 
Coryphaena equisetis, 182, 186-7, 293 
hippurus, 14, 154, 182, 186-7, 293 
sp., 182, 187° 
Cottus, 28 
asper, 25-8 
rhotheus, 25-8 
couchi, Scaphiopus, 218 
coulteri, Prosopium, 124-7, 
couperi, Drymarchon corais, 229 
crassus, Epicrates cenchria, "229 
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crepitans, Acris, 157 
Acris gryllus, 228 
crinitus, Alectis, 293 
cristatus, Blennius, 138 
Cristivomer, 116-20, 122-3, 243 
namaycush, 117-8, 123 
siscowet, 117 
Crocodilus acutus, 108 
americanus, 108 
Crocodylus mindorensis, 264 
novaeguineae, 264 
ossifragus, 266 
palustris, 263-4 
porosus, 263-6 
siamensis, 263-4, 266 


sp., 264 
Crotalus, 158-9, 300 
adamanteus, 158, 229 
atrox, 229 
basiliscus basiliscus, 229 
cerastes laterorepens, 229, 306 
durissus durissus, 229 
Melanurus, 306 
horridus, 158-9, 300 
atricaudatus, 159, 301 
horridus, 159, 229, 301 
X atricauvdatus, 301 
mitchelli pyrrhus, 229 
ruber ruber, 229 
tortugensis, 229 
unicolor, 229 
viridis helleri, 229 
viridis, 229 
crucifer, Hyla, 65, 252-4 
crumenophthalmus, Selar, 293 
Cryptotrema, 17, 19 
corallinum, 17-9 
seftoni, 17, 18 
crysoleucas, Notemigonus, 69, 284, 288 
crysos, Caranx, 292-3 
Ctenochaetus strigosus, 8 
Ctenomys, 112 
cucullatus, Macroprotodon, 226 
culpaeus, Dusicyon, 112 
curtus, Python curtus, 230 
cyaneilus, Lepomis, 132, 286-8 
cyanoguttatum, Cichlasoma, 162 
Cichlasoma cyanoguttatum, 195 . 
Cybium tritor, 185 
Cyclops, 26 


sp., 27 
Cyclura collei, 108 

lophoma, 108 
Cymodocea manatorum, 195 
Cyprinella texana, 72 
Cyprinus carpio, 132, 193-4 
Cypselurus atrisignis, 8 

brevis, 8 
cystignathoides, Syrrho 57-8 
Cystignathus microtis, 


Dactyloa edwardsii, 108 
Dallia, 170, 174-6 
pectoralis, 169, 244 
Daphnia, 65 
darwini, Gephyroberyx, 293 
decora, Macrobdella, 294-5 
dekayi, Storeria, 62-4 
deliciosa, Moniana, 72-3 
deliciosus, Notropis, 73 
Dendroaspis viridis, 229 
dendrophila, Boiga, 229 
denticulata, Testudo, 106-7 
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Dermochelys coriacea, 68 
Deroceras, 63 
reticulatum, 62-3 
deschauenseei, Eunectes, 229 
Desmognathus fuscus fuscus, 222 
monticola jeffersoni, 305 
monticola, 297 
ochrophaeus carolinensis, 297 
diacanthus, Pygoplites, 8 
Diadophis, 41, 300 
amabilis, 300 
punctatus edwardsi, 41 
laetus, 306 
diaphanus, Fundulus, 234, 274 
Diaptomus sp., 27 
diastema, Syrrhophus, 49 
Diodon hystrix, 8 
dione, Elaphe, 66 
Diplocystis, 237-8 
Diploglossus occiduus, 109 
shawii, 109 
doliata, Coronella, 305 
dolomieui, Micropterus, 124, 132 
Micropterus dolomieui, 243 
Dorosoma cepedianum, 242 
petenense, 162 
dorsalis, Acris gryllus, 59 
Ameiva, 108 
Chrysemys picta, 298-9 
dorsata, Ceratophrys, 99 
draytoni, Rana i 86-7 
Dromicus ater, 110 
Drymarchon corais couperi, 229 
Coluber, 305 
dumfrisiensis, Coronella, 305 
dunni, Gyrinophilus danielsi, 201, 204 
duorarum, Penaeus, 153 
durissus, Crotalus durissus, 229 
Dusicyon culpaeus, 112 
dussumieri, Scarus, 7-8 


Echidna nebulosa, 8 
echinata, Pinus, 222 
edwardsi, Diadophis punctatus, 41 
Stilbiscus, 12-3 
edwardsii, Dactyloa, 108 
egregius, Eumeces, 229 
Elaphe, 59 
dione, 66 
guttata guttata, 229 
obsoleta obsoleta, 229 
quadrivittata, 229 
spiloides, 229 
rufodorsata, 66 
elegans, Gibbonsia, 267-70, 272 
ibbonsia elegans, 267, 270-1 
Eleutherodactylus, 36-7, 48-50, 57, 216 
calcitrans, 49 
caryophyllaceus, 49 
hylaeformis, 49 
latrans, 37 
lutosus, 49 
mexicanus, 48-9 
nubicola, 211, 216 
occidentalis, 49 
pardalis, 49 
ridens, 49 
saltator, 49 
Elgaria kingi kingi, 305 
kingii nobilis, 305 
nobilis, 305 
emiliae, Opsopoeodus, 69 
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Enchytraeus, 65 
engelmanni, Halophila, 195 
Engraulis mordax mordax, 140, 142 
Ensatina eschscholtzi xanthoptica, 45 
Entosphenus, 243 
ephippium, Chaetodon, 7-8 
Epibulus insidiator, 7-8 
Epicrates angulifer, 229 
cenchria crassus, 229 
maurus, 229 
striatus, 229 
subflavus, 110 
Epinephelus areolatus, 8 
fuscoguttatus, 8 
macrospilos, 8 
melanostigma, 8 
merra, 8 
sp., 3 
summana, 8 
equisetis, Coryphaena, 182, 186-7, 293 
Eremias argus, 67 
Eretmochelys imbricata, 107 
erythrogrammus, Abastor, 87, 92 
erythrurum, Moxostoma, 132 
Eryx, 225 
jaculus, 225 
Esox, 283 
americanus, 243 
masquinongy, 283, 288 
ohiensis, 242 
vermiculatus, 243 
Etheostoma, 243 
chlorosomum, 69 
fonticola, 162, 195, 197 
Eumeces egregius, 229 
obsoletus, 220 
sloanii, 108-9 
sp., 220, 299 
striatulatus, 262 
Eumecoides hibbardi, 262 
mylecoelus, 262 
Eunectes barbouri, 229 
deschauenseei, 229 
murina, 229 
Eurycea, 200, 204-5 
bislineata, 95, 201, 206 


rivicola, 41, 43, 92-6, 
longicauda lon icauda, 41, 43 
multiplicata, 205 
nana, 205 
neotenes, 205 

euryzanthus, —— lateralis, 45, 46-8 
Euthynnus affinis, 14— 
alletteratus, 181, 187 
evansi, Ophibolus, "306 
Exostinus serratus, 263 
extensus, Fundulus, 234 


falcata, Seriola, 182, 186-7, 292-3 
favosus, Blennius, 138 

Fistularia petimba, 8 

flavescens, Perca, 286-8 

flavilata, Rhadinaea, 59 

flaviventris, Coluber constrictor, 157 
flavomarginatus, Pseudobalistes, 7 
florida, Cornus, 40 

floridana, Lampropeltis, en 230 
fonticola, Etheostoma, 162, 195, 197 
fontinalis, Salvelinus, 117-22, 232, 294 
formosus, Scarus, 155 
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brevis, 234-5 haemachatus, Hemachatus, 229 

furcatus, Ictalurus, 285 201 

furcidens, Ilyodon, 234 Halichoeres trimaculatus, 8 


fuscoguttatus, Epinephelus, 8 halicoetes, Reithrodontomys raviventris, 45 
fuscovenosa, Rhabdias, 63 Halodule wrightii, 195 ‘ " 


fuscus, Desmognathus fuscus, 222 Halophila engelmanni, 195 
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forsteri, Scarus, 8 guttulatus, Syrraphus, 52 
fossor, Ichthyomyzon, 128 Syrrhaphus, 52 
fowleri, Bufo woodhousei, 210, 218, 251-4 Syrrhophus, 52 
X terrestris americanus, 251 Gymnothorax javanicus, 8 
Fraxinus, 40 pictus, 8 
_ fucorum, Blennius, 138 undulatus, 8 
: fulgida, Mabuya, 108 Gyrinophilus, 200-5, 221 
fulginosus, Acanthurus, 7-8 danielsi dunni, 201, 204 
_  Fundulus, 234, 273, 275 palleucus, 201, 202-6 
} diaphanus, 234, 274 porphyriticus, 201, 222, 
i extensus, 234 porphyriticus, 203-4, 221 
heteroclitus, 234, 242, 273-7 gyrinus, Schilbeodes, 243 
100, 273-7 
notatus, 19U, Hadropterus nigrofasci 
parvipinnis, 234-5 6 


halys, Agkistrodon, 67 
gabbi, .draconoides, 39 Scaphiopus, 97-9, 218 
phiopus hammondi, 97- 
Bagel 132-4 hankinsoni, Hybognathus, 289-91 
on” hannah, Ophiophagus, 230 
eee “334. harengus, Clupea, 140, 150 
? 


hartwegi, Trionyx ferox, 305 


garmani, Anolis, 108 heckscheri, Rana, 218 


Gasterosteus aculeatus, 242 Helicops schistosus, 229 
Gempylus serpens, 182, 186-7 halle Crotalus viridis, 229 
Geomys sp., 288 Hemachatus haemachatus, 229 
Gephyroberyx darwini, 293 Hemidactylium scutatum, 65 
Germo alalunga, 183 Hemiramphus marginatus, 8 
Gerres oblongus, 8 Heniochus acuminatus, 8 


Gerrhonotus coeruleus utahensis, 304 


tatus, 8 
1 kingi nobilis, 305 permutatus 


varius, 8 
age eo 305 hesperis, Uta stansburiana, 39 
| infernalis, 305 heteroclitus, Fundulus, 234, 242, 273-7 


elegans, 267, plionasicus, 262 

__ Velifera, 267, 270-1 Heteropneustes, 153 

gibbosus, Lepomis, 75 hibbardi, Eumecoides, 262 

_  gibbus, Lutjanus, Hippocampus zosterae, 196 

|  gilvitorques, Sphaerodactylus, 109 Coluber, 225 
glauca, Prionace, 181, 187 Zamenis, 225 

| glaucopareius, Acanthurus, 8 hippos, Caranx, 292-3 


Heterodon platyrhinos, 90, 100 


Gnathodentex aurolineatus, 8 hi Coryphaena, 14, 154, 182, 186-7, 293 
Gongylus ocellatus, 225 hispidus, Abudefduf, 7 
Gopherus agassizi, 61-2 Arothron, 8 
| berlandieri, 62 holbrooki, Lampenpeiie getulus, 224, 230 
polyphemus, 62, 228 Scaphiopus, 99, 218 
riggsi, 262 Scaphiopus holbrooki, 251-4 
gorbuscha, Oncorhynchus, 120-1 Holbrookia, 220-1 2 
graciosus, Sceloporus, 113 holderi, Alloclinus, 17, 19 


| grahamensis, Thomomys bottae, 223 Holocentrus sammara, 8 


grandis, Haemopis, 294-5 spinifer, 8 

grandoculis, Monotaxis, 8 Hoplophryne rogersi, 99 

granti, Nyctimystes, 84 hortensis, Arion, 62-3 

gratiosa, Hyla, 157 horridus, Crotalus, 158-9, 300 
grunniens, Aplodinotus, 286-8 Crotalus horridus, 159, 229, 301 


grylio, Rana, 218 
nteri, Brevoortia, 
paarded Elaphe guttata, 229 Novumbra, 169 
guttatus, Acanthurus, 8 hurteri, Scaphiopus, 218, 255-6 
guttilatus, Malachylodes, 50, 52 Hyallela, 27-8 
Syrrhophus, 50, 52-5 azteca, 27 


X atricaudatus, 301 
hubbsi, Moxostoma, 243 
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Hybognathus, 289, 291 
hankinsoni, 289-91 
nuchalis, 289, 291 

nuchalis, 291 


placita, 291 
Hyla, 84-5, 99, 218 
brunnea, 106 
crucifer, 65, 252-4 
gratiosa, 157 
montana, 84-5 
septentrionalis ote, 106 
versicolor, 158, 2 
hylaeformis, Eleutherodactylus, 49 
Syrrhophus, 49 
Hypodictyon, 57 
verruculatus, 57 
Hypsiglena, 59 
hystrix, Diodon, 8 


Ichthyomyzon, 129, 134 
castaneus, 127-34 
128 


fossor, 128 
"128-9, 132-4 
hirudo, 129 


unicolor, 128 
_unicuspis, 129 
icistius, Bairdiella, 272 
Ictalurus, 285 
catus, 153 
furcatus, 285 
melas, 285, 288 
punctatus, 285, 288 
Ictiobus bubalus, 132, 190 
Idus melanotus, 191 
Ilyodon furcidens, 234 
imbricata, Eretmochelys, 107 
Testudo, 107 
imperator, Boa ee, 229 
ineptus, Syrrhophus, 4 
infernalis, Gerr. 305 
inornatus, Chilabothrus, 1 
insidiator, Epibulus, 7-8 
intermedius, Agkistrodon halys, 67 
intermontanus, Scaphiopus 97-8 


jaculus, Eryx, 225 
avanicus, Gymnothorax, 8 
jeffersoni, Desmognathus monticola, 305 
jeffersonianum, Ambystoma, 76, 156-7, 223, 300 
ello, Sphyraena, 8 
johnsoni, Rana, 87 
onesi, Scarus, 
ordani, Carangoides ferdau, 8 
Plethodon, 3 


kamloops, Salmo gairdneri, 120-1 
kasmira, Lutjanus, 8 
Katsuwonus pelamis, 180-1, 187 
kempi, Lepidochelys, 68 

keta, Oncorhynchus, 121 

kingi, Elgaria kingi, 305 

kisutch, Oncorhynchus, 121 
kraussi, Scarus, 154- 

Kuhlia sandvicensis, 8 


Lacerta, 225 

agilis, 113 
laetus, Diadophis punctatus, 306 
laevis, Phoxinus, 191 
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243 
ropeltis, 59 
oliata amaura, 229 
230 
triangulum, 41 
getulus brooksi, 59, 230 
californiae, 230 
floridana; 230 
holbrooki, 224, 230 
zonata multifasciata, 45, 230 
lateralis, Leptophis, 45 
Masticophis, 45 
Masticophis lateralis, 46-8 
Natrix tigrina, 66 
laterorepens, Crotalus cerastes, 229, 306 
laticinctus, Ancistrodon contortrix, "229 
latipinna, Mollienesia, 233 
latodactylus, Syrrhophus, 48, 50 
latrans, Eleutherodactylus, 36-7 
lauia, Scarus, 155 
leanus, Camponotus, 63 
lecontei, Rhinocheilus lecontei, 230 
Leimadophis ater, 110 
Leiocephalus, 64 
carinatus carinatus, 64 
Leiostomus, 151 
xanthurus, 151 
Leiuranus semicinctus, 7 
Lemna, 228 
lemniscatus, Cnemidophorus, 260 
Cnemidophorus lemniscatus, 260 
Lentiscus, 224-5 
Lepibema, 243 
Lepidochelys “e554 68 
Lepidophyllum, 112 
230-1, 283 
sp., 282-3, 288 
tristoechus, 231 
tropicus, 230-1 
Lepomis, 195, 287 
cyanellus, 132, 286-8 
gibbosus, 75 
macrochirus, 75, 190 
190 
egalotis, 188 
leprus, 50, 52, 54 
Leptodactylus melanonotus, 53 
Leptophis, 59 
lateralis, 45 
Leptotyphlops humilis utahensis, 305 
Lethrinus miniatus, 7 
nebulosus, 7-8 
ornatus, 7-8 
variegatus, 7-8 
Leucichthys, 243 
leucogrammicus, Anyperodon, 8 
leucostigma, Scarus, 154-5 
Leuresthes tenuis, 23-4, 150 
lewisi, Salmo clarki, 75° 
Lichanura roseofusca roseofusca, 230 
limi, Umbra, 169, 175, 178, 192, 194 
lineatissimus, Microbatrachylus, 48 
lineatus, 7 
Acanthurus, 8 
Plotosus, 153 
liocephalus, Gerrhonotus, 305 
Liolaemus, 112, 114-5 
multiformis 111-3 
Lithobius 
littoralis, Malaclemys terrapin, 305 
lividus, Pomacentrus, 8 
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llanensis, Terrapene, 217 
longicauda, Eurycea longicauda, 41, 43 
longimanus, Carcharhinus, 180-1, 187 
lophoma, Cyclura, 108 
lotor, Procyon, 159 
louisianensis, Necturus, 257 
louti, Variola, 8 
loveridgei, Nyctimystes, 83, 84-5 
Loxocemus bicolor, 230 
lugubris, Caranx, 7-8 
Lumbricus, 41 
lunula, Chaetodon, 8 
Lupinus albus, 5 
Lutjanus aya, 75 
bohar, 7-8 
gibbus, 8 
kasmira, 8 
monostigma, 8 
sp., 3 
vaigiensis, 7-8 
lutosus, Eleutherodactylus, 49 
Syrrhophus, 49 
lutrensis, Notropis, 195 


Mabuya agilis, 108 
fulgida, 108 
sloanei, 108-9 
spilonotus, 108 
macouni, Chauliodus, 75 
Macrobdella decora, 294-5 
macrochirus, Lepomis, 75, 190 
Macroprotodon cucullatus, 226 
macrospilos, Epinephelus, 8 
maculatum, Ambystoma, 64-5, 156-7, 300 
maculatus, Scomberomorus, 182, 185, 187, 232 
maculosus, Necturus, 259 
magister, Sceloporus magister, 39 
magnirostris, Richmondena cardinalis, 224 
majalis, Fundulus, 274 
major, Eurycea bislineata, 76, 95 
Makaira nigricans ampla, 182, 186-7 
Malachylodes, 50, 53 
guttilatus, 50, 52 
Malaclemys terrapin littoralis, 305 
malma, Salvelinus, 118-22, 124 
Malpolon monspessulanus monspessulanus, 226 
manatorum, Cymodocea, 195 
Manculus, 205 
mancus, Bothus, 7-8 
marginata, Chrysemys picta, 298-9 
marginatus, Hemiramphus, 8 
marinus, Bagre, 162 
maritima, Ruppia, 195 
marmoreus, Blennius, 138 
marnocki, Syrrhophus, 37 
marstoni, Salvelinus, 243 
masquinongy, Esox, 283, 288 
Masticophis flagellum piceus, 230 
testaceus, 230 
lateralis, 45 
euryxanthus, 45, 46-8 
lateralis, 46-8 
mata, Acanthurus, 8 
maura, Natrix, 226 
mauritanica, Tarentola, 225 
mauritanicus, Bufo, 225 
maurus, Epicrates cenchria, 229 
mavortium, Ambystoma tigrinum, 60 
means, Amphiuma means, 68 
Megalops atlantica, 162 
megalopterus, Phalcoboenus, 112 
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megalotis, Lepomis, 190 
Lepomis megalotis, 188 
Megapharynx, 243 
valenciennesi, 242 
melampygus, Caranx, 7-8 
melanoleuca, Naja, 230 
melanoleucus, Pituophis melanoleucus, 230 
melanonotus, Leptodactylus, 53 
melanostigma, Epinephelus, 8 
melanotus, Idus, 191 
Melanurus, Crotalus durissus, 306 
melas, Ictalurus, 285, 288 
melaventris, Plethodon jordani, 32-5, 297 
Plethodon shermani, 32-3 
meleagris, Arothron, 7 
Melospiza melodia 45 
Membras vagrans, 72 
Menidia beryllina, 162 
merra, Epinephelus, 8 
metcalfi, Plethodon, 32-5 
mexicanus, Eleutherodactylus, 48-9 
Microbatrachylus, 48, 50 
lineatissimus, 48 
Microhyla carolinensis, 158 
olivacea, 158 
Micropogon, 151 
undulatus, 151 
Micropterus dolomieui, 124, 132 
dolomieui, 243 
salmoides, 132, 190 
microrhinus, Scarus, 8 
microtis, Cystignathus, 52 
Microtus ochrogaster, 288 
pennsylvanicus, 282, 288 
terraenovae, 227 
milneana, Nyctimystes, 84 
mindorensis, Crocodylus, 264 
miniatus, Cephalopholis, 8 
thrinus, 7 
mississipiensis, Alligator, 222-3 
modestum, Phrynosoma, 263 
mojavensis, Salvadora hexalepis, 305 
mokeson, Agkistrodon contortrix, 67 
Ancistrodon contortrix, 229 
Mola mola, 182, 187 
mola, Mola, 182, 187 
Mollienesia latipinna, 233 
mollis, Schilbeodes, 243 
molurus, Python molurus, 230 
Moniana deliciosa, 72-3 
monostigma, Lutjanus, 8 
Monotaxis grandoculis, 8 
monspessulanus, Malpolon monspessulanus, 226 
Coelopeltis, 226 
montana, Hyla, 84-5 
Nyctimystes, 84 
monticola, Desmognathus monticola, 297 
mordax, Engraulis mordax, 140, 142 
Osmerus, 232 
Moringua, 12 
boekei, 12 
sp., 12 
Morone, 243 
americana, 75, 154 
chrysops, 154 
saxatilis, 242 
mossambica, Tilapia, 72 
Moxostoma, 243 
aureolum, 132 
carinatum, 132 
erythrurum, 132 
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hubbsi, 242-3 
rubreques, 243 
valenciennesi, 243 
Mugil, 3 
vaigiensis, 8 
Mulloidichthys samoensis, 7-8 
multifasciata, Lampropeltis zonata, 45, 230 
multiformis, Liolaemus multiformis, 111-3 
multiplicata, Eurycea, 205 
multiplicatus, Scaphiopus, 98-9 
multiscutatus, Cnemidophorus tigris, 39 
murdjan, Myripristis, 8 
murina, Eunectes, 229 
Mus musculus, 227 
muscorum, Pupilla, 63 
musculus, Mus, 227 
mydas, Chelonia, 107 
Testudo, 107 
mylecoelus, Eumecoides, 262 
Mylocheilus, 278-81 
caurinum, 278-81 
X Ptychocheilus oregonense, 278-9 
X Richardsonius balteatus, 280-1 
X Richardsonius balteatus balteatus, 278 
Mpyripristis murdjan, 8 
Myrophis, 13 


Naja melanoleuca, 230 
naja, 2 
‘atra, 230 
nigricollis, 230 
nivea, 230 
naja, Naja, 230 
namaycush, Cristivomer, 117-8, 123 
Salmo, 117 
Salvelinus, 116, 118-23 
nana, Eurycea, 205 
Natrix, 59 
atra, 110 
capistrata, 110 
maura, 226 
tigrina lateralis, 66 
nebulosa, Echidna, 8 
nebulosum, Ambystoma tigrinum, 223 
nebulosus, Ameiurus, 191-2, 194 
Ameiurus nebulosus, 243 
Lethrinus, 7-8 
Necturus, 76, 206, 257 
louisianensis, 257 
maculosus, 259 
Nemobius, 63 
Neomyxis sclateri, 8 
neotenes, Eurycea, 205 
Neothunnus albacares, 181, 183-4, 187, 292 
albacora, 292 
nerka, Oncorhynchus, 120-1 
nereus, Typhlotriton, 200-1, 203-5 
nestor, Bufo, 85 
nettingi, Plethodon, 41 
nicholsi, Blennius, 135, 136-9 
nigricollis, Naja, 230 
nigrita, Pseudacris, 158 
nigrofasciatus, Hadropterus, 235-6 
nigromaculatus, Pomoxis, 75 
nigropunctatus, Arothron, 7 
nivea, Naja, 230 
nobilis, Elgaria, 305 
Gerrhonotus kingi, 305 
Elgaria kingii, 305 
nocomis, Notropis volucellus, 73 
normani, Blennius, 138 
norvegicus, Rattus, 227 
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notatus, Fundulus, 190, 273-7 

Pimephales, 69 
Notemigonus crysoleucas, 69, 284, 288 
Notonecta, 237 
Nototriche, 112, 115 
Notropis, 72, 155-6, 275 

amabilis, 155, 195 

atherinoides, 190 

brazosensis, 155 

deliciosus, 73 

lutrensis, 195 

oxyrhynchus, 155 

potteri, 155 

tubellus, 293-4 

sp., 260 

texanus, 73 

venustus, 73 

volucellus, 73 

nocomis, 73 

novaeguineae, Crocodylus, 264 
Novumbra, 174-6, 178 

hubbsi, 169 
nubicola, Eleutherodactylus, 211, 216 
nuchalis, Hybognathus, 289, 291 

Hybognathus nuchalis, 291 
Nyctimystes, 83-5 

granti, 84 

84 

overidgei, 83, 84-5 

milneana, 84 

montana, 84 

papua, 84 

semipalmata, 84 


obesus, Parathunnus, 183-4 
cblongus, Gerres, 8 
obsoleta, Elaphe obsoleta, 229 
obsoletus, Eumeces, 220 
occidentalis, Eleutherodactylus, 49 
Sceloporus, 112-3 
occiduus, Celestus, 109 
Celestus occiduus, 109 
Diploglossus, 109 
occipitomaculata, Storeria, 305 
ocellatus, Chalcides, 225 
Gongylus, 225 
ochrogaster, Microtus, 288 
odoratus, Sternotherus, 64 
ohiensis, Esox masquinongy, 242 
olivacea, Microhyla, 158 
Oncorhynchus, 120-2 
gorbuscha, 120-1 
keta, 121 
kisutch, 121 
nerka, 120-1 
tshawytscha, 121 
Ondatra sp., 288 
Oniscus asellus, 63 
opalinus, Anolis, 108 
Ophibolus evansi, 306 
Ophiophagus hannah, 230 
Opsopoeodus emiliae, 69 
oregonense, 27, 279 
X Mylocheilus caurinum, 278-9 
X Richardsonius balteatus, 279 
orientalis, Bombina, 66 
ornata, 99 
ornatissimus, Chaetodon, 8 
ornatus, Lethrinus, 7-8 
Osmerus mordax, 232 
ossifragus, Crocodylus, 266 
ouachitae, Plethodon, 33 
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ovata, Carya, 40 
oxyrhynchus, Notropis, 155 


Palinurichthys, 74 
erciformis, 74 
, Clupea, 139-40, 143, 146-7, 149-50 
palleucus, Gyrinophilus, 201, 202-6 
palmaris, Hadropterus, 235-6 
Acris gryllus, 228 
palustris, Crocodylus, 263-4 
Rana, 41, 157, 718, 226, 252, 254 
pantherinus, Bothus, 8 
papua, Nyctimystes, 84 
Parathunnus ambiguus, 184 
atlanticus, 181, 183, 187 
obesus, 183-4 
rosengarteni, 184 
pardalis, Eleutherodactylus, 49 
Syrrhophus, 49 
Parupeneus barberinus, 8 
parvipinnis, Fundulus, 234-5 
Fundulus parvipinnis, 234-5 
patronus, Brevoortia, 19 
pectoralis, Dallia, 169, 244 
Scarus, 8 
pelamis, Katsuwonus, 180-1, 187 
Penaeus aztecus, 153 
duorarum, 153 
setiferus, 153 
pennsylvanicus, Microtus, 282, 288 
Perca flavescens, 286-8 
perciformis, Palinurichthys, 74 
permutatus, Heniochus, 8 
Peromyscus sp., 159 
perspicillatus, Scarus, 154-5 
petenense, Dorosoma, 162 
petimba, Fistularia, 8 
petrophilus, Syrrhophus, 50, 52-5 
Phalcoboenus megalopterus, 112 
Phoca vitulina, 296 
Phocaena phocaena, 295 
phocaena, Phocaena, 295 
Phoxinus laevis, 191 
Phrynosoma, 221, 262-3 
cornutum, 262-3 
modestum, 263 


sp., 263 
Phyllobates ridens, 57 
verruculatus, 57 
Phyllomedusa, 53 
piceus, Masticophis flagellum, 230 
picta, Chrysemys, 298 
Chrysemys picta, 298-9 
pictus, Gymnothorax, 8 
picuda, Sphyraena, 8 
Blennius, 138 
imephales notatus, 69 
inetorum, Pitimys, 159 
inus echinata, 222 


pipiens, Rana, 76, 86-7, 157, 210, 218, 227, 251 


Rana pipiens, 227 
piscivorus, Ancistrodon, 229, 306 
Pitimys pinetorum, 159 
Pituophis, 59 
catenifer affinis, 230 
annectens, 230 
catenifer, 230 
melanoleucus melanoleucus, 230 
placita, Hybognathus, 291 
Placopharynx, 243 
platyrhinos, Heterodon, 90, 100 
platyura, Belone, 8 
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Plethodon, 32 
cinereus, 65 
cinereus, 41-3, 60 
clemsonae, 33 
jordani, 32-4 
melaventris, 32-5, 297 
metcalfi, 32-5 
nettingi, 41 
ouachitae, 33 
richmondi, 40-4, 60 
shermani melaventris, 32-3 
rabunensis, 32-3, 35 
pleuriticus, Salmo clarki, 120-1 
Pleurodonte, 64 
pliocenica, Rana, 85, 86-7 
plionasicus, Heterodon, 262 
Plistodon striatus, 305 
Plotosus, 153 
anguillaris, 153 
arab, 153 
lineatus, 153-4 
Poecilichthys, 243 
polyphemus, Gopherus, 62, 228 
Pomacentrus lividus, 8 
Pomolobus, 243 
Pomoxis annularis, 236 
nigromaculatus, 75 
Porcellio rathkei, 63 
porosus, Crocodylus, 263-6 
porphyriticus, Gyrinophilus, 201, 222 


Gyrinophilus porphyriticus, 203-4, 221 


potteri, Notropis, 155 
pretiosa, Rana, 86-7 
Rana pretiosa, 197-200 
Prionace glauca, 181, 187 
Procyon lotor, 159 
Prosopium, 243 
coulteri, 124-7 
williamsoni, 124-7 
Proteus, 206 
anguinus, 200 
zoissi, 200 
Psammodromus algirus, 225 
Pseudacris, 216, 218 
nigrita, 158 
triseriata, 211, 216, 255-6 
Pseudobalistes flavomarginatus, 7 
Pseudoscarus sp., 7 
Pseudotriton, 204-5 
ruber, 201 
ruber, 203 
Ptychocheilus oregonense, 27, 279 
X Mylocheilus caurinum, 278-9 
X Richardsonius balteatus, 279 
pugnax, Toxicophis, 306 
pulchra, Anniella 305 
punctatus, Bufo, 15 
Ictalurus, 285, 288 
Pupilla muscorum, 63 
purpureocauda, Ablabes, 306 
pusillula, Melospiza melodia, 45 
Pygoplites diacanthus, 8 
yrrhus, Crotalus mitchelli, 229 
Python curtus curtus, 230 
molurus bivittatus, 230 
molurus, 230 
reticulatus, 230 
sebae, 230 


quadrivittata, obsoleta, 229 
uercicus, Bufo, 5' 
40 
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rabunensis, Plethodon shermani, 32-3, 35 
Rana, 85-6, 198, 200, 207, 210-211, 216, 218 
areolata, 219 
aurora, 86-7 
cascadae, 86 
draytoni, 86-7 
berlandieri, 207-11, 255-6 
boylei, 86-7 
boylei, 86 
sierrae, 86 
capito, 219 
clamitans, 41, 157, 219, 227, 252 
catesbeiana, 86-7, 157, 218 
grylio, 218 
heckscheri, 218 
johnsoni, 87 
palustris, 41, 157, 219, 226, 252, 254 , 
pipiens, 76, 86-7, 157, 210, 218, 227, 251 
pipiens, 227 
pliocenica, 85, 86-7 
pretiosa, 86-7 
pretiosa, 197-200 
ridibunda, 225 
rugulosa, 99 
septentrionalis, 219, 227 
sylvatica, 65, 76, 219, 252 
cantabrigensis, 227 
tarahumarae, 86-7 
virgatipes, 219 
rathbuni, Typhlomolge, 201 
rathkei, Porcellio, 63 
Rattus norvegicus, 227 
rattus, 227 
rattus, Rattus, 227 
raviventris, Reithrodontomys raviventris, .45 
rectangulus, Rhineacanthus, 8 
regia, Hybognathus nuchalis, 291 
Reighardina unicolor, 128 
Reithrodontomys raviventris halicoetes, 45 
raviventris, 45 
rerio, Brachydanio, 150 
reticulatum, Deroceras, 62-3 
reticulatus, Python, 230 
rexroadensis, Testudo, 262 
Rhabdias fuscovenosa, 63 
Rhadinaea, 59-60 
flavilata, 59 
Rhineacanthus aculeatus, 7-8 
rectangulus, 8 
Rhinocheilus lecontei clarus, 306 
lecontei, 230 
rhotheus, Cottus, 25-8 
Richardsonius, 278-80 
balteatus, 27, 278-81 
X Mylocheilus caurinum, 280-1 
X Ptychocheilus oregonense, 279 
balteatus, 278, 280 
X Mylocheilus caurinum, 278 
Richmondena cardinalis magnirostris, 224 
richmondi, Plethodon, 40-4, 60 
ridens, Eleutherodactylus, 49 
Phyllobates, 57 
Syrrhophus, 49 
ridibunda, Rana, 225 
riggsi, Gopherus, 262 
rivicola, Eurycea bislineata, 41, 43, 92-6 
robustus, Sceloporvs, 26 
Roccus, 243 
rogersi, Hoplophryne, 99 
roosevelti, Salmo, 120 
rosengarteni, Parathunnus, 184 
roseofusca, Lichanura roseofusca, 230 
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ruatanus, Cnemidophorus lemniscatus, 260 
rubellus, Notropis, 293-4 
rubreques, Moxostoma, 243 
ruber, Caranx, 292-3 
Crotalus ruber, 229 
Pseudotriton, 201 
Pseudotriton ruber, 203 
tufodorsata, Elaphe, 66 
tugulosa, Rana, 99 
rupestris, Ambloplites, 189 ¢ 
Ambloplites rupestris, 69-70 
Ruppia maritima, 195 


salar, Salmo, 120-1 
salmoides, Micropterus, 132, 190 
Salmo, 117, 120-2 
clarki, 120-1, 124 
alpestris, 120 
lewisi, 75 
pleuriticus, 120-1 
gairdneri, 120-1, 232 
kamloops, 120-1 
whitehousei, 120 
namaycush, 117 
roosevelti, 120 
salar, 120-1 
trutta, 120-1, 232 
saltator, Eleutherodactylus, 49 
Salvadora hexalepis mojavensis, 305 
Salvelinus, 116-23, 243 
alpinus, 117-22, 243 
aureolus, 117, 120 
fontinalis, 117-22, 232, 294 
malma, 118-22, 124 
marstoni, 243 
namaycush, 116, 118-23 
stagnalis, 117 
sammara, Holocentrus, 8 
samoensis, Mulloidichthys, 7-8 
sanctipetri, Scomberoides, 8 
sandvicensis, Kuhlia, 8 
Sarda sarda, 182, 187 
sarda, Sarda, 182, 187 
saxatilis, Morone, 242 
sayanus, Aphredoderus, 69 
sayi, Coronella, 306 
Scaphiopus, 97, 252, 254 
bombifrons, 97, 217-8, 254-6 
couchi, 218 
hammondi, 97-9, 218 
bombifrons, 97-9 
hammondi, 97-9 
intermontanus, 97-8 
holbrooki, 99, 218 
holbrooki, 251-4 
hurteri, 218, 255-6 
multiplicatus, 98-9 
Scarus ahula, 154-5 
barborus, 155 
dussumieri, 7-8 
formosus, 155 
forsteri, 8 
jonesi, 7 
kraussi, 154-5 
lauia, 155 
leucostigma, 154-5 
microrhinus, 8 
pectoralis, 8 
perspicillatus, 154-5 
sordidus, 7-8 
sp., 4, 7-8 
vermiculatus, 8 


sebae, F 
seftoni 
Selar cr 
semicin¢ 
Seminat 
semipal. 
Semotil 

atrom 

sp., 2 
Senecio 
Seps tri 
septemf 


spiloide 
spilonot 
spinifer, 
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Sceloporus, 220 
graciosus, 113 
magister magister, 39 
occidentalis, 112-3 
robustus, 262 
undulatus, 299 
Schilbeodes, 195 
gyrinus, 243 
mollis, 243 
schistosus, Helicops, 229 
Scincus sloanii, 1 
sclateri, Neomyxis, 8 
Scomberoides sanctipetri, 8 
Scomberomorus, 231 
cavalla, 182, 187, 232, 292 
maculatus, 182, 185, 187, 232 
Scorpaenopsis gibbosus, 8 
scripta, Alutera, 8 
scutatum, Hemidactylium, 65 
sebae, Python, 230 
seftoni, Cryptotrema, 17, 18 
Selar crumenophthalmus, 293 
semicinctus, Leiuranus, 7 
Seminatrix, 91 
semipalmata, Nyctimystes, 84 
Semotilus, 155 
atromaculatus, 155, 284-5, 288 


sp., 
112 
Seps tridactylus, 225 
septemfasciatus, Abudefduf, 7-8 
septentrionalis, Rana, 219, 327 
Seriola falcata, 182, 186-7, 292-3 
serpens, Gempylus, 182, 186-7 
serratus, Exostinus, 263 
setifer, Chaetodon, 8 
setiferus, Penaeus, 153 
sexfasciatus, Caranx, 7-8 
sexlineatus, Cnemidophorus, 229 
shawii, Diploglossus, 109 
siamensis, Crocodylus, 263-4, 266 
Sicyonia, 153 
sierrae, Rana boylei, 86 


sirtalis, Thamnophis sirtalis, 100, 102 


siscowet, Cristivomer, 117 

Sistrurus catenatus, 230 

sloanei, Ameiva, 108 
Chauliodus, 76 
Mabuya, 108-9 

sloanii, Eumeces, 108-9 
Scincus, 108 

smithi, Syrrhophus, 50, 52, 


solandri, Acanthocybium, 3, 185, 187 


Solaria, 138 
sordidus, Abudefduf, 7-8 
rus, 7-8 
Sorex cinereus, 288 
sp., 159 
Som bombifrons, 217 


spelaeus, Typhlotriton, 200-1, 203-5 


Sphaerodactylus argus, 109 
argus, 109 
gilvitorques, 109 
go 109 
Sphyraena, 3 
barracuda, 180-1, 187 
jello, 8 
icuda, 8 
spiloides, Elaphe obsoleta, 229 
spilonotus, Mabuya, 108 
spinifer, Holocentrus, 8 
stagnalis, Salvelinus, "117 
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stearnsi, Blennius, 138 
stejnegeri, halys, 67 
Stereochilus, 205 
Sternotherus odoratus, 64 
Stethojulis albovittata, 8 
axillaris, 8 
Stilbiscus, 11-2 
bahamensis, 12 
edwardsi, 12-3 
Storeria dekayi, 62-4 
occipitomaculata, 305 
striatulatus, Eumeces, 262 
striatus, Epicrates, 229 
Plistodon, 305 
Tamias, 159 
strigosus, 8 
Strophocheilus, 64 
subflavus, Epicrates, 110 
summana, Epinephelus, 8 
surinamensis, Anisotremus, 76 
sylvatica, Rana, 65, 76, 219, 252 
Synaptomys cooperi, 159 
Syrraphus guttulatus, 52 
Syrrhaphus, 50 
guttulatus, 
verrucipes, 5 
Syrrhophus, 36-1, 48-50, 52-8 
campi, 50, 
caryophyllaceus, 49 
cystignathoides, 57-8 
diastema, 49 
guttilatus, 50, 52-5 
guttulatus, 52 
hylaeformis, 49 
ineptus, 49 
latodactylus, 48, 50 
leprus, 50, 52, 54 
lutosus, 49 
marnocki, 37 
pardalis, 49 
petrophilus, 50, 52-5 
ridens, 49 
smithi, 50, 52, 54-5 
verrucipes, 55-7 
verruculatus, 56-7 


tabulata, Testudo, 106 
Tamias striatus, 159 
tarahumarae, Rana, 86-7 
Tarentola mauritanica, 225 
Tarpon atlanticus, 71 
taurus, Carcharias, 296 
tenuis, Contia, 299-300 
Leuresthes, 23-4, 150 


terraenovae, Microtus pennsylvanicus, 227 


Terrapene, 217 
llanensis, 221 


testaceus, Masticophis en 230 


testudinum, Thalassia, 19. 
Testudo, 1 107 
carbonaria, 106 
caretta, 107 
denticulata, 106-7 
imbricata, 107 
mydas, 107 
rexroadensis, 262 
tabulata, 106 
texana, Anniella, 305 
Cyprinella, 72 
téxanus, Notropis, 73 
Thalassia testudinum, 195 
Thalerophis, 59 
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Thamnophis elegans atratus, 45 unicolor, Crotalus, 229 
sirtalis annectens, 305 128 
sirtalis, 100, 102 Reighardina, 12 
bottae grahamensis, 223 unicuspis, Ichthyomyzon, 129 
Thunnus eT 14, 16 unimaculatus, Chaetodon, 7 
thynnus, 181, 187 —- Agkistrodon halys, 67 
sp., 182, 187° Uta, 2 


Thynnus atlanticus, 183 
balteatus, 183 
thynnus, Thunnus, 181, 187 
tigrina, Coronella, 306 
tigrinum, Ambystoma, 67, 300 
Ambystoma tigrinum, 156-7 
Tilapia, 72, 245 
mossambica, 72 
Tilia americana, 40 
Tomodactylus, 49-50, 52, 55 
torosus, Triturus, 39 
tortugensis, Crotalus, 229 
Toxicophis pugnax, 306 
Trachinotus bailloni, 8 
triangulum, Lampropeltis doliata, 41 
Tridacna, 3 
tridactylus, Chalcides, 225 
Seps, 225 
tridentata, Triodopsis, 159 
trifasciatus, Chaetodon, 8 
trimaculatus, Halichoeres, 8 
Trimorphodon, 91 
vandenburghi, 91 
Triodopsis albolabris, 159 
tridentata, 159 
Trionyx ferox hartwegi, 305 
triostegus, Acanthurus, 6, 8 
triseriata, Pseudacris nigrita, 211, 216,8255-6 
tristoechus, Lepisosteus, 231 
Triton, 211, 216 
tritor, Cybium, 185 
Triturus, 76 
torosus, 39 
Trogonophis, 225 
weigmanni, 225 
tropicus, Lepisosteus, 230-1 
Tropidonotus viperinus, 226 
trutta, Salmo, 120-1, 232 
tshawytscha, Oncorhynchus, 121 
Tubifex, 65 
Typhlomolge, 204-6 
rathbuni, 201 
Typhlotriton, 204-6 
nereus, 200-1, 203-5 
spelaeus, 200-1, 203-5 
tyrannus, Brevoortia, 19 


Ulmus, 40 
Uma, 220 
Umbra, 169, 175, 177-8 

limi, 169, 175, 178, 192, 194 
undulatus, ‘Gymnothorax, 8 

Micropogon, 151 

loporus, 299 

Ungallophia continentalis, 230 


hesperis, 39 
utahensis, Gerrhonotus 304 
Leptotyphlops humilis, 305 


vagrans, Membras, 72 
vaigiensis, Lutjanus, 7-8 

Bp Megapharynx, 242 
valenciennesi, 

Moxostoma, 243 

Vallisneria, 195 
vandenburghi, Trimorphodon, 91 
variegatus, Lethrinus, 7 
Variola louti, 8 
varius, Heniochus, 8 
velifera, Gibbonsia elegans, 267, 270-1 
venustus, Notropis, 
vermiculatus, Esox, 243 


Tus, 8 
verrucipes, 55 
Syrrhophus, 55- 
verruculatus, H ictyon, 57 
Phyllobates, 5 
Syrrhophus, 56-7 
versicolor, Hyla, 158, 252 
vigilis, Xantusia, 38-40 
vinctus, Blennius, 138 
Fundulus, 234 
viperinus, Tropidonotus, 226 
virgatipes, 219 
viridis, Bufo, 22 
Crotalus 229 
Dendroaspis, 229 
vitulina, Phoca, 296 
viviparus, Zoarces, 142 
volucellus, Notropis, 73 
vulgare, Armadillidium, 63 
vulgaris, Acanthodactylus, 225 
vulpes, Albula, 8 


wallacei, Haideotriton, 201 
weigmanni, Trogonophis, 225 
whitehousei, Salmo gairdneri, 120 
williamsoni, Prosopium, 124-7 
Wolffia, 228 
woodhousei, Bufo woodhousei, 218, 221 
wrightii, Halodule, 195 
xanthoptica, Ensatina eschscholtzi, 45 
xanthurus, Leiostomus, 151 
9 

vigilis, 38-40 
Zamenis hippocrepis, 225 
Zoarces viviparus, 142 
zoissi, Proteus, 200 
Zonitoides arbore, 63 
zosterae, Hippocampus, 196 
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